


Louisville Cooler does 
satisfactory job at low 
cost for nationally known 
chemical manufacturer... 


— 
Louisville Surface Cooler has 
shell and external water 


KNOW THE 
RESULTS 


before you buy! .. cooling lumpy calcined material from 1800° Fahr. to 150° Fahr, 
for further processing. Gentle mechanical handling required to 
minimize decrepitation. 
Each Louisville cooler is “‘job-fitted” to your special problem—to 
make your cooling operations effective—to assure dependability 
of performance that will make the cooler operation pay. 
Po | Call in a Louisville engineer for a complete cooling survey. Based 
on his experience he will recommend one of the three standard 
* * Louisville types, a modification, or an entirely new design. The 
3 types of Lovisville performance will be pre-determined. Youll know the results before 
Coolers you buy... and the results must be better! Write for complete 


information today. 


e Surface Cooler 


aapenee Sone Guaver Lovisville Drying Machinery Unit 
. i i 
e Atmosphe ric Cooler ‘ "a Over 30 years of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION 
CORPORATION 
Other General American Equipment: Dryer Seles Ofice: $20 So. Poureh Street 
: ‘ Auinsville 2, Kentucky 
Purbo-Mixers, Evaporators, s General Offices: 135 South La Salle Street, Chicago 90, Mlinoie 
Dryers, Dewaterers, Towers, Offices in all principal cities 
franks, Filters, Pressure Vessels In Canada: Casgiiee Remeretice Gumpens, Ltd. 
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‘denser packing 
makes a 


big difference 


P 


> ? : ° 
-~—» ly The Vi Brox Barrel 


and Drum Packer with the exclusive 
mechanical rocking-vibrating motion 
packs more material in the drum or 
barrel or permits the use of smaller 
lower-cost containers; cuts packing 
time; and reduces packing labor as 
much as one-third. Yes, in packing 
most dry powdered, flake, or granular 
materials, the ViBrox Packer makes a 
big difference in the over-all packing 
costs—big enough, many users say, to 
pay for the Vi Brox in a few months 

Operation of the Vi Brox ts continu 
ous No « lamy ing of the container ts 
necessary as the motion of the plat 
form keeps the container in place 
And, the rugged construction of the 
Vi Brox Packer has proved capable of 
trouble-free daily service for years 
even when packing the heaviest cor 
tainers 


sol \ i Brox Pac ker 


available for packing boxes cans. Caf 


Several size 
rons, kegs, drums, and barrels having 
capacities of from § to 1000 pour 1s 
Other models are used for macking 


bags weighing up to 150 pounds 
Complete Information and 
Recommendations on Request 


» MIKING FTING weiauine PACKIN 


PACKAGING EQUIPMENT FOR THE PR £66 ine Tries 


B.F. Gump Co. 


—— Engineers & Manviacturers Since 1472 


1311 S. Cicero Ave., Chicago 50, ml, 





ied 


Are you looking for a centrifugal pump you can 
designate as “standard” wherever corrosion is a fac- 
tor? Then you'll want to consider the combination of 


“Karbate” impervious graphite and efficient, service- 
tested designs which can bring you these advantages 
in two outstanding pumps: 


A heavy duty model. Rugged, ““Karbate” wet-end parts, 
including impeller and seal assembly, accessible without 
disturbing pump shaft, ball bearings or pump-to-driver 
alignment. Mechanical seal standard at no extra cost. 
Capacities to 1500 gpm, heads to 120 feet in three pump 
vizes — 2”, 3” and 4” I.D. discharge openings. 


Chemical Engineering Progress 


@ Choice of frame or motor-mounted styles 

@ Capacities up to 1500 gpm in a variety of models and sizes 
@ Maximum interchangeability of parts 

@ Resistance to practically all corrosives at temperatures up te 


“Karbate” Type “F” Centrifugal Pump 


Low cost, motor-mounted model with features of costly, 
frame-mounted pumps. Permanent pump and motor 
alignment. Internal-type, mechanical seal adjustable 
while pump is running, standard in all sizes at no extra 
cost. Capacities to 200 gpm, heads to 100 feet in two 
pump sizes — 144” and 2” LD. discharge openings. 
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TH RAREATE" 


BRAND 
IMPERVIOUS GRAPHITE PROCESS EQUIPMENT 


“Karbate™ “Series 90A” and “Series 310A" 
Heat Exchangers — Catalog Section $-6740 


@ You can standardize with complete economy on areas up to 162 square feet per unit. “Karbate” standard 
National Carbon’s extensive line of “Karbate” imper- heat exchangers, based on stock “Karbate” tube-bundle 
vious graphite tube-and-shell-type heat exchangers. and cover constructions, provide surface areas up to 
“Series 90A” and “Series 310A” “Karbate” exchangers 2300 square feet per unit in G6, 9, 12, 14 and 16 feet tube 
are available from stock in single and multi-pass tube- lengths at unusually low first-costs. Choice of tube-pass 
side arrangements — tube lengths to 16 feet and surface and shell arrangements is virtually unlimited. 


SEE FOR YOURSELF — properties, 
manufacture, applications! Learn how to do it! 


... in these 16mm, full-color movies on “Karbate” impervious 
graphite equipment. Conveniently divided into “what is it” and 
“how to” sections — “MEETING THE CHALLENGE” and “BY WAY 
OF EXPERIENCE.” History of the material, development, industrial 
applications . . . plus step-by-step installation and maintenance. 
WRITE — right now — for showing dates. 


Descriptive Booklet Sent On Request 


The term “Karbate” is a registered trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 


District Sales Offices: Aclanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


In CANADA: Union Carbide Canada Limited, Toronto 
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y J } J We % a 1 racneated | | 
} Mmeeeee> | isctation one of ts necesskien? Henry 
Wa a. y Cavendish, an aristocratic recluse after 
Cambridge University is named and one 
to Laboratory ee 
ERPRFICIENCY 


FLECTRON/C CONTROLLED 


LABORATORY STIRRER 


with Thyratron Tube Contro/ 


Direct and gear drive in one stopped street cars. 
fully enclosed ball bearing F Josiah he illard Gibbs, es pte 
scientist this country ever produced, livec 
motor. Variable Speed at full a and died in New Haven, hi obscure pro 
torque. 1/50 H.P. motor. Can fessor who shut himself from the outer 
world in his later years. He was not 
/ moved by the issues of the Civil War, 
nor did he care whether his monumental 
work, “On the Equilibrium of Heter- 
ogeneous Substances,” was translated 


whom the Cavendish Laboratory of 


teenth centuries, talked only of science 
|} and even had his food passed to him 
| by a servant who was not allowed to 
| enter his room. Pavlov knew nothing 
| of the events that led to the Russian 
| Revolution nor of the revolution itself 
until an assistant excused himself for 
being late at the laboratory because the 
Bolsheviks had torn up streets and 


be run in either direction. 


| into German or not. He never married, 
worked alone, and lived and died within 
a few hundred yards of the house in 


The speed on direct drive 
ranges from 400 rpm to 
5000 rpm in stepless con- 
trol. The speed of gear- 
driven shaft is 1/18 the 
direct or armature speed. 


| which he was born 


Though scientists disagree on what 
the “scientific method” is, they do agree 

| that the essence of all scientific thinking 
| is objectivity, which implies the com 
Starting torque on arma- plete separation of emotion, prejudice, 
ture is 32 in ounces. May 


also be used to drive con- 


| even traditional belief from what is ob- 
served, tested or measured, and which is 
supposed to be possessed only by the 
P “scientific mind.” Thomas Huxley once 
stant speed devices. said, “God give me strength to face a 
Stirrer can be attached fact though it slay me.” That is ob- 
jectivity. 
Only the greatest scientists have the 
| strength for which Huxley prayed. 
suffon, the naturalist, could not bring 
himself to believe that man was only a 


to ordinary labora- 
tory support stand. 


STIRRER 
Motor is driven by a phase shift Thyratron Tube 
controlled rectifier, which converts the alternat- 
ing current of the mains to direct current. Field 
and armature of motor are fed separately by two— 
2050 gas rectifier tubes. Price $89.50 
For Data on this 
Newest of the new Laboratory Stirrers 
Write Dept. ES— G 


rather high animal. Needham was so 
set in his belief that life can be gene- 
rated spontaneously that he fooled him 
| self by failing to boil cultures of bac- 
teria long enough to kill them. Only 
scientists who have the strength to tear 
away the trappings of conventional 
thinking make great names in science 

Objectivity, the gift of unflinchingly 
facing facts, is not a monopoly of 


scientists. Eminent lawyers, financiers, 


“a 
ACE GLASS INCORPORATED B.S) statesmen and generals have it. They 
are just as “scientific” for that reason 
V | N ELAN D NEW JERSEY he] as any physicist or chemist. Objectivity 


always goes with mental ruthlessness. 


Eee eee eee eee eS (Continued on page 8) 
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STRUTHERS WELLS 


Ke OYAL 


PATENTED 


CRYSTALLIZATION EQUIPMENT 


Economical operation— 
Heating and cooling 
surfaces stay clean 


Excellent steam economy 
Product of high purity 


Exceptionally uniform 
crystals 


Controllable crystal size 


rc 


| 


Shep view 
eof Krystal 
Crystatlize- 
tien Equip- 
ment. This 


Shown above is « typical instatie- 
tien of @ Struthers Wells Krystal 


vecvum aa — ees ae 


Krystal crystallization equipment provides efficient separation of 
crystals and mother liquor—reduces amount of wash water—elimi- 
nates dust losses—reduces caking of material in storage and produces 
free flowing crystals of superior appearance. 











Plants at WARREN, PA. ond TITUSVILLE, PA. 
OFFICES IN PRINCIPAL CITIES 
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ENGINEERS, DESIGNERS, MANUFACTURERS 
3 LISTER AVE., NEWARK 5, N. J OF PROCESSING PLANTS AND EQUIPMENT 








SPECIALIZING IN PLANTS FOR: Fats and Oils . . . Fatty Alcohols . . . 
Resins . . . Soaps and Detergents . . . Fermentation Products . . . Pharma- 
ceuticals . . . Medium Organic Chemicals . . . Esters . . . and many others. 
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NOTED AND QUOTED 


(Continued from page 6) 


| Great business men are ruthless in com 


petition. They are also very “scientific” 
in the market studies that they direct so 
that ruthless decisions can be made 
If objectivity is as common among 
lawyers and business men as it is among 
scientists, curiosity is not. The cre- 
ative scientist is forever wondering why 
things are as they are or why there are 
departures from the ordinary. Many a 
great scientific discovery is made _ be- 
cause of this almost child-like inquisitive- 
ness. 
Of all these attributes of scientific 


| thinking objectivity is the most im- 


portant. The late Alfred North White- 

head called it “the most important 

change in outlook that the human race 
has encountered.” 

Waldemar Koempftert 

New York Times 


Nights Not Knights! 


In a technological age the philosophy 
—which is basically political—that every 


| man must serve in uniform is an an- 


achronism that might have helped Custer 
in the battle of the Little Big Horn but 
which was a major factor in the utter 
rout of the French in 1940. For all our 
scientific progress, we seem to do our 
thinking in the framework of the his- 


more Cooper, or of the Knights of the 


torical-fictional world of James Feni- 


| Round Table. Wits must now be matched 
in the laboratory, if only to save lives 


on the battlefield. 
Howard A. Meyerhoft 
Bulletin of the Atomic Scientists 


An Ounce of Prevention... 


. “The aim of all chemical pro 
cedure should be the utilization of every- 
thing and the avoidance of waste. It is 


| often cheaper to prevent waste than to 


attempt to utilize a waste product.” 
George E. Dovis 
quoted by Norman Swindin 


| No World War Il? 


Had airborne radar been de- 
veloped and advertised openly, the con- 
sequent great progress in these develop- 


| ments might have so weakened the Ger- 


man confidence in their submarine su 

premacy, or in their capabilities for 

strategic air attack, that the war might 
have been prevented altogether. 

L. V. Berkner, President 

Associated Universities, Inc 

New York 


(More Noted and Quoted on page 12) 
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TWO PUMPS IN ONE! 


Lapp Pulsafeeder is the combination 
piston-diaphragm pump for controlled- 
volume pumping of fluids. Recipro- 
cating piston action provides positive 
displacement. But the piston pumps 
only an hydraulic medium, working 
against a diaphragm. A floating, bal- 
anced partition, the diaphragm isolates 
chemical being pumped from working 
pump parts—eliminates need for stuf- 
fing box or running seal. Constant 
pumping speed; variable flow results 


WRITE FOR BULLETIN 300 with typical applications, low 
charts, description and specifications of models of various 
capacities and constructions. Inquiry Data Sheet included 
from which we can make specific engineering recommenda 
tion for your processing requirement. Write Lapp Insulator 


from variation in piston-stroke length : a : 
—uttiiiel te tendabed, os ie Co., Inc., Process Equipment Div., 401 Wilson St.,Le Roy,N.Y. 


Auto-Pneumatic models, by instrument 
air pressure responding to any instru- 
ment-measurable processing variable. 
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This filter, a standard drum continuous vacuum filter 
design with most advanced features adapted for the cus- 
tomer’s problem, incorporates such items os (1) rubber grids 
of thermo plastic type, (2) easy access through quick open- 
ing tank covers, (3) counterweighted pin type agitators, 
(4) steel drum-heads mastic coated, snap blow, rubber base 
plastic piping, (5) marine bronze valve and wear plate, 
(6) variable speed drives on drum and agitator, (7) anti- 
friction bearings on agitator shaft. 

In operation a dutch weave wire cloth is 
caulked in the grooves and the snap blow 
lifts the cake from the panel away from 
the drum surface so that the (8) rubber 
tipped blade never touches the drum. 

All Eimco filters are engineered and de- 
signed with the idea of prolonging cover or 
bag life. Eimco engineers will consult with 
you in the selection of the correct media for 
best filtration and longest life and supply 

_ you with samples of Eimco media for your 
own laboratory work or will advise you 
on shipment of samples to Eimco Research 
Center for free filtration analysis. 


THE EIMCO CORPORATION 


Salt Lake City, Utah—U.S.A e Export Offices: Eimco Bldg., 52 South St., New York City 


You Can't Beat Au Eimes 


NY 
’N e¢ Mile 
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NOTES ON 


SYNTHOL 


Synthol is the name of the Kel- 
logg-developed process for cat- 
alytically reacting synthesis gas 
(carbon monoxide and hydrogen) 
to produce a wide variety of 
hydrocarbon materials and 
chemicals. Synthesis gas for the 
process can be derived from 
either natural gas or coal. 


The first plant to utilize Synthol 
on acommercial scale is now under 
construction by Kellogg in South 
Africa. Partial combustion of coal 
(from vast deposits near the plant 
site) will form the source of the 
synthesis gas; primary products 
of the plant will be “petroleum” 
fuels—around 60 million gallons 
per year, of which the major part 
will be motor gasoline. 


In addition to gasoline and fuel 
oil, the plant's output will in- 
clude an impressive quantity of 
industrial and agricultural chemi- 
cals—about 125 million pounds. 
Many of these are oxygenated 
compounds, produced as by- 
products in the Synthol unit. 
While their volume is small in 
comparison with the enormous 
amounts of fuels produced, the 
higher market value of these 
chemicals adds substantially to 
the over-all attractiveness of the 
Synthol process. 


The water-soluble or chemical 
stream from the Synthol unit is 
passed through a series of opera- 
tions involving both extractive and 
conventional distillation to sepa- 
rate methanol, anhydrous ethanol, 
methyl ethyl ketone, and acetone. 
The methanol will be used as a 
solvent in the process and the 
ethanol will be blended into the 
gasoline pool. The other two chemi- 
cals will be marketed. 


Additional equipment is being 
installed to produce commercial 
grade propanol and/or butanol, 
or to further process these prod- 
ucts as additional gasoline. 





Low Production Costs, High Yields 
and Flexible Operation Characterize 
New Phenol-from-Cumene Process 


Shown above is a detailed model of 
a unique chemical plant Kellogg is 
currently building for Hercules 
Powder Company at Gibbstown, 
N.J. The plant will produce phenol, 
acetone, and methyl styrene, using 











For further information, technical data, 
lati hem: or petro 
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DIVISION 


M. W. KELLOGG 





PULLMAN 


the Hercules-Distillers process for 
oxidizing and splitting cumene. 
Kellogg, which developed the me- 
chanical design of the commercial 
process in collaboration with 
Hercules, is also the originator of 
the process to be used for making 
the cumene feed. 

The over-all process offers an 
unusual example of how refinery 
products can be upgraded to indus- 
trial chemicals to obtain a radical 
increase in value. 

The phenol portion of the output 
is derived from the benzene part 
of the initial input. In the same 
way, the acetone produced is at 
tributable to the low-cost propy- 
lene third of the feed 

As compared with other proc 
esses, the latter product acetone 
—at present prices provides a 
bonus for the phenol produced as a 
major product. Moreover, the com 


paratively small quantity of methyl 
styrene produced can be separated 
for use in the plastics industry, 


or it can be converted back to 
cumene and re-used in the process, 


eulancl 
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“RUBBERHIDE® Cte 


V4, . P 
loviusion and Housion 


OF METAL PRODUCTS, PARTS 
AND PLANT EQUIPMENT... 


Corrosion or abrasion can’t get a foothold after “RUBBERHIDE” 
Linings have been processed to the exterior or interior surfaces of 
metal objects, regardless of their size, shape or service require- 
ments ... from thumb screws to 20,000 gallon tanks. Compounded 
from rubber or neoprene to provide proper resistance to the 
specific corrosive agents involved, or to combat abrasive wear, 
these modern Linings invariably repay many times their cost 
through extended life of the products, parts or equipment to 
which they have been applied. 


“RUBBERHIDE” Linings are processed to objects shipped to our 
Linings Plants in Trenton, Chicago or Houston; or, when the 
objects are too large for such shipment, or the work involves 
fixed plant equipment, experienced field crews do the processing 
“on location”. Whether factory or field processed, you can rely on 
“RUBBERHIDE” Linings for effective, long-lasting protection. 


GENERAL OFFICES, MILLS and EXPORT DIVISION, TRENTON, N. J. 
Branches: Philadelphia + New York + Boston + Pittsburgh + Indianapolis + Chicago + Detroit + St. Paul 
los Angeles + San Francisco + Seattle + Spokane + Portland + Salt Lake City + Denver 
Houston + Goodall Rubber Company of Canada, itd, Toronto + Distributors in Other Principol Cities 
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NOTED AND QUOTED 


(Continued on page 8) 


Statistics and More Statistics 


There is general agreement that the 
total number of engineers at the present 
time is approximately a half million, 
which is about 12 times the number of 
engineers we had in 1900 and about 
twice the number we had m 1940 
The number of scientist is general] 
considered to be somewhat less thar 
half the number of engineers rhis 
number has also approximately doubled 
since 1940. ... 

rhe population of the United States 
increased from 39.8 million in 1870 to 
151.4 million in 1950, an increase of 
280%. During the same period the 
number of professional, technical, and 
kindred workers increased from 0.4 mil 
lion to 5.0 million, an increase of 
1150%; and those employed in science 
and technology increased trom 12 thou 
sand to 1,019 thousand, an increase of 
750%. From 1930 to 1953 the popula 
tion increased 28°, the number of en 
gineers 133%, and the number of sci 
entists 335% 
Henry H. Armsby 
A.S.E.E. Conference 


Fundamental Research 
and The Engineer 


It is too often assumed that, since 
} 


the job of the scientist is to do “basic’ 
or “fundamental” research, therefore the 
job of the engineer is to avoid this and 
te invent gadgets. Jhis is, of course, 
nonsense. The engineer im a university 
has just as much obligation to stick to 
the tundamentals in his tield as the 
chemist or physicist in his 
The university engineer is thus in 
an extremely critical position, interme 
diate between the pure scientist on the 
one hand and the industrial designer 
or inventor on the other. lo some ex 
tent he does the things which the indus 
trialist thinks the scientist ought to 
do—but which the scientist has lost in 
terest in. The physicist is engrossed in 
the problems of nuclear forces; who is 
going to develop the fundamentals of 
nuclear technology’ It’s a long step 
from Fermi's first chain reaction to the 
first economical power plant—and lots 
of room in between for fundamental 
engineering research. The same is true 
in any field. Isn't this the proper place 
for university research in engineering ? 
L. A. DuBridge 
A.S.E.E. Conference 
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Operating Medium Failure 


If the diaphragm control valves in your 
plant were suddenly rendered inoperative by 
failure of the operating medium, (or in rare 
instances by diaphragm failure within the 
valve), would you be forced to shut down 
immediately while repairs were made? Not 
if your valves are equipped with the BS&B 
Type Y Continuously Connected Side Hand- 
wheel for emergency manual control! 


The Type Y is especially designed for use 
with all BS&B Diaphragm Control Valves, 
including Types 15 and 86, and the pressure 
balanced Type 73, where no by-pass is pro- 
vided around the valve. It has a cast iron 
frame which fits onto the various Climax 
Valve Yokes. Working parts are of stainless 
steel, and it is equipped with an Ampcoloy 
jack screw, “Oilite” bearings and a large 
handwheel for ease of operation. 


With the Type Y, control valves can be 
manually positioned in either direction inde- 
pendently of the normal controlling im- 
pulses. Its mechanism provides stops so 
that travel can be set to cover any portion 
of the complete valve stroke. 


Avoid costly shut-downs due to operating 
medium or diaphragm failure! You can keep 
your plant operating indefinitely on an 
emergency basis if your control valves are 
equipped with the BS&B Type Y Contin- 
uously Connected Side Handwheel! 


For complete information on any BS&B Climax Control or 
accessory, ask your BS&B Man, or write to... 





The Installation 


At Swift & Co. technical products 
plant in Hammond, Indiana, where 
hundreds of Crane valves are han- 
dling vegetable and animal fats, 
various fatty acids, acid foots, etc., 
in storage and preparation sections. 














Valve Service Ratings 
SUITABILITY: 
Stopped former trouble 


FEATURES: 
Stainless Steel trim 


MAINTENANCE COST: 
Zero 


ar, 


SERVICE LIFE: 

No sign of wear after 3 years 
OPERATING RESULTS: 

Accurate control—clean plant 
AVAILABILITY: 

Crane Branches Everywhere 


The Case History 
The plant had been operating about two years 
when the Crane valves were installed. They were 


selected to replace the plant’s original valves which 


were not maintaining the required absolute tight- 


The Valve 


ness when process pipe lines were shut off. 


It’s the familiar, universally- 
used Crane 125-Pound OS&Y 
Iron Body Wedge Gate, but 
equipped with special Crane 18-8 
SMo stainless steel trim to resist 
the mildly corrosive effects of 
fatty acids and acid foots. If you 
have a similar problem, this may 
be your solution. Ask your Crane 
Representative to help you. 


The Crane valves, now in service for more than 
three years, are iron body gates with stainless 
steel trim. Recently the plant reported: no leak- 
age ...no maintenance . .. no replacements. Also 
credited to the Crane valves: more accurate con- 


trol of processes...and a much cleaner plant. 








THE BETTER QUALITY...BIGGER VALUE LINE...1N BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


PIPE e 
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VALVES + FITTINGS °* PLUMBING °* 
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to fully effective heat input in minutes— 


that's the story of the... 


Blaw-Knox radiant Ef furnace 


The Blaw-Knox Radiant Furnace for batch 
operation has such low heat capacity that it can 
be brought to fully effective operation in five 
minutes or less. Cut the fuel supply and it 

is black in one to two minutes. 


The nearly instantaneous response to direct 
instrument regulation of the fuel input permits 
close temperature control of a batch of oil or 
resin, even in an exothermic stage. 

Successive cooking curves on 

different days are smooth 

and identical. 


The basic design of the Blaw-Knox 
Radiant Furnace is a light 
stainless steel shell surrounded by 
high temperature, light weight 
insulating material. 


Approximately 75 percent of the 
heat to the batch is supplied by 
radiation from furnace walls 
arranged to eliminate local 

hot spots. 


Field reports of normal plant 
operation indicate fuel savings 
close to 50 percent over 
conventional, brick-lined, 
direct-fired furnaces. 


Write for complete information on 
the application of this low heat 
capacity furnace to direct-fired 


processes. 


Sua BLAW-KNOX COMPANY Chemical Plants Division /Pittsburgh 22, Pennsylvania 


Tulsa 1, Oklahoma /Chicago 1, Ilinois 
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Garlock Rubber Expansion Joint on Expansion joints in operation on Expansion joint operating on suction 
2% suction and discharge pipes. side of centrifugal pump handling 


vacuum line between turbine ond 
condensate from condenser. 


condenser. 


(JARLOCK 


RUBBER 
EXPANSION JOINTS 


¢ Stop Vibration, Eliminate Noise 


¢ Relieve Siresses and Strains 
in Piping and Equipment 


Garlock rubber expansion joints absorb vibration and compensate 
for linear expansion and contraction of pipe lines. They stand 
up under repeated flexing—do not crack or fracture. 

These flexible joints are made in all pipe sizes from 34” to 
72”. Furnished in round, rectangular, tapered or offset; spool- 
type and U-type. Garlock expansion joints are available in neo- 
prene for oil service; in all “Teflon” or rubber with “Teflon” 
liner for chemical service. 


Write today for new Rubber Expansion Joint Folder No. AD-137 


SOERDRES Ww guna Guety aaiiee THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 


tion of a Garlock single arch spool-type , eae he 

expansion joint. Arrow points to one of Sales Offices and Warehouses: Baltimore ¢ Birmingham + Boston « Buffalo * Chicago ae 

steel reinforcing rings. Cincinnati « Cleveland ¢ Denver ¢ Detroit ° Houston « Los Angeles « New Orleans « New . 
York City ¢ Palmyra, (N.Y.) ¢ Philadelphia ¢ Pittsburgh + Portland (Ore.) ¢ Salt Lake 8. 3 ; 
City ¢ San Francisco « St. Louis + Seattle « Spokane « Tulsa. " J 


tw Canede: The Garlock Packing Company of Canada Ltd., Toronto ,Ont. 


PACKINGS, GASKETS, OIL SEALS 
AR LOCK MECHANICAL SEALS 
RUBBER EXPANSION JOINTS 
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The circles on the map represent unclaimed terri- 
tories for the production of complex fertilizer. The 
pin locates the only plant presently producing com- 
plex fertilizer by a continuous chemical process. 
New economic frontiers don't remain undeveloped 
for long. There is still time to get a choice location 
before the rapidly moving trend toward high analy- 
sis complex fertilizer completely engulfs the country. 
Get C&I’s complex fertilizer plant using the PEC* 
patented carbonitric process that produces a su- 


perior and stable pelleted product for less than any 
existing process. — 

C&I will provide a complete and integrated plant 
or any of the individual units (ammonia, nitric 
acid, complex fertilizer) for the production of com- 
plex fertilizer in any desired capacity. Plants are 
erected at a fixed price with productions and effici- 
encies fully guaranteed. 


C&I can also furnish the latest type ammonium 
nitrate solutions end solids plants. 


C & I com now license Commercial Solvents’ Stengel Reactor and furnish and erect the complete ammonium nitrate plant using the new Stengel Proces 
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Cuteway drawing shows how J-M Weather-Protected Insula- p> 


tion is applied to tanks such as those at the S. D. Warren Com- 
pany paper mill. Standard methods for mechanical securement 
of the insulation are used. Asbestocite sheets are then applied 
over the insulation, in accordance with the simplified Johns- 


Manville specification. 




















A (Above) Completed job of J-M Weather-Protected Insulation 
on black liquor tanks of the 8. D. Warren Company. 

(Right) Skilled applicators of an outstanding J-M Insulation >» 
Contractor, P. S. Thorsen Co. of South Boston, Mass., applying 


Asbestocite sheets over Zerolite insulation. 





S. D. Warren Company saves fuel, reduces maintenance 
on outdoor tanks with J-M Weather-Protected Insulation 


On black liquor tanks of the S. D. Warren Company 
paper mill at Cumberland Mills, Maine, Johns-Manville 
Weather-Protected Insulation pays a ‘double dividend”: 

It saves money on fuel and maintenance. J-M 
Zerolite* insulation keeps the heat in... thereby saving 
a substantial amount in fuel costs. J-M Asbestocite*, a 
strong asbestos-cement sheet material, covers the Zero- 
lite Insulation to protect it both from the weather and 
from wetting due to normal plant operations. This 
“bodyguard” layer of Asbestocite Weather Protection 
makes the tanks virtually maintenance-free and helps 
hold down operating costs. 

it helps provide close temperature control. The 
temperature of black liquor in these tanks must be 
maintained so that it will flow freely and not clog up 
pumping apparatus. J-M Weather-Protected Insulation 
helps do the job dependably and economically. 





Whatever the operating temperature of outdoor tanks 
and vessels, Johns-Marville offers the right insulation 
for application under the Asbestocite weather protec- 
tion. For example, J-M 85% Magnesia Insulation is also 
widely used for this service because of its proved per- 
formance for temperatures to 600 F. 

To be sure that the insulation and its weather pro- 
tection is properly applied to pay the greatest return 
on your investment, J-M offers the services of experi- 
enced J-M Insulation Engineers and J-M Insulation 
Contractors. These men stand ready to give you an 
insulation job that will more than pay off your initial 
investment through maximum fuel savings. 

For further information about J-M Weather-Protected 
Insulation, write to Johns- Manville, Box 60, ge» 
New York 16, New York. In Canada, 199 Bay % 
Street, Toronto 1, Ontario. *Reg. U.S. Pat. Off LY] 


Johns-Manville rirsr in INSULATION 
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THIS IS 


GIRDLER 


This vinyl chloride monomer plant of B. FP. Goodrich 
Chemical Company at Calvert City, Kentucky was bust 
by Gerdler. Plant on circle us hydrogen plant of Girdier 
design also butlt by Girdler 


Another Chemical Plant built by Girdler ©! ROLER DESIGNS processes ond plons 


GIRDLER BUILDS processing plonts 
| ay IS FURTHER EVIDENCE of conunuing confidence placed GIRDLER MANUFACTURES processing apparatus 


in Girdler service. This is the fifth major project to be com 
GAS PROCESSES DIVISION: 


pleted for B. F. Goodrich Chemical Company by Girdler. Start » 

hemical Processing Plants Plastics Materials Plants 
Hydrogen Production Plants Sulphur Plants 
Hydrogen Cyanide Plants Acetylene Plants 
Synthesis Gas Plants Ammonia Plants 
Carbon Dioxide Plants Ammonium Nitrate Plants 


plant of Girdler design and construction. Efficient coordination Gos Purification Plants Hydrogen Chloride Plants 
Cotalysts and Activated Carbon 


ing with Goodrich’s basic process data, Girdler engineered and 


built this vinyl chloride monomer plant. Included is a hydrogen 


of all project phases and centralized responsibility by Girdler 
saves valuable time. If you are planning an expansion or new VOTATOR DIVISION: compete epiete on pants 
' CONTINUOUS PROCESSING APPARATUS FOR.. 


facility, call Girdler . . . and profit from this complete service Chemicols are: lerd 


Textile Size Strained Food Shortaning 
Shaving Cream Salod Dressing Bokery Ingredients 
Lubricating Grease Soup Confectioneries 


Paper Coating And other Products 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY THERMEX DIVISION: WiGh FREQUENCY DIELECTRIC 
HEATING EQUIPMENT APPLIED TO 


GAS PROCESSES DIVISION: New York, Tulsa, Son Francisco 
in Canada: Girdier Corporation of Canada Limited. Torento Foundry Core Baking Rubber Drying ond Curing 
Wood Bonding Plastic Preform Preheating 


VOTATOR DIVISION: New York, Atlonta, Chicego, Son Francisco 
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How 

to get 
drier 

or cooler 
air or 


gases... 


NIAGARA AERO AFTER COOLER cools a compressed 
gas, or air, below the temperature of the surrounding atmos- 
phere, thus preventing the condensation of moisture in your 
lines. The gas will contain only half of the moisture left in it 
by conventional methods. Even drier gas can be produced if 
you require it. 

In working with controlled atmospheres of inert gases to 
prevent undesired reactions, this dryness of the gas at low cost 
is a great advantage. The cost of the Niagara method is low 
because it uses evaporative cooling, saving 95% of the cost of 
cooling water (and its piping and pumping). This direct sav- 


ing of cost pays for the Niagara cooler in less than two years. 


If you use compressed air to operate tools or pneumatic 
equipment you save much in water and oil damage to tools 
and equipment, and in water damage to materials by using 


the Niagara Aero After Cooler. 


Write for a bulletin, or ask nearest Niagara Field Engineer 


if you have a problem involving the industrial use of air. 


NIAGARA BLOWER COMPANY 


Over 35 Years’ Service in Industrial Air Engineering 
Dept. EP, 405 Lexington Ave. New York 17, N.Y. 


Experienced Field Engineers in Principal Cities of U. S. and Canada 
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| plans for the future 
| nent questions from the floor 


MARGINAL NOTES 


Reactors and Realism 


| A Forum Report on Nuclear Reactor De- 


velopment. Proceedings of Meeting 
for Members and Guests. Oliver 
Townsend and Edwin Wiggin (Eds.). 
Atomic Industrial Forum, Inc., New 
York (1954), 99 pp. $5.00. 


This report covers the proceedings of 

meeting held under the auspices of 
Atomic Industrial Forum, Inc., on Mav 
24, 1954, at the Sheraton Park Hotel, 
Washington, D. C., during which the 
top men in reactor development covered 


| the A.E.C.’s five-year reactor program 


as well as private industrial develop 


ment in the field. The speakers gave 
up-to-the-minute summaries on major 
programs now underway, outlined their 
and answered perti- 
Realistic 
public policy in atomic energy concluded 
the talks. 

The report is available at $5.00 a copy 
from the Atomic Industrial Forum, Inc., 
260 Madison Avenue, New York 16, 
ms Us 


A Practical Guide for the 
Practical Man 


Flow and Fan. C. Harold Berry. The 
Industrial Press, New York (1954), 
226 pp. $4.00. 


Reviewed by J 


fessor 


VW. DallaV alle, Pro- 
School of Chemical Engineering, 
Georgia Institute of Technology, At 
lanta, Ga 


If a book is written to describe a 
piece of equipment, it should as a matter 
of course also indicate how the equip- 
ment should be used. Any number of 
books have been written about fans and 
pumps which stress design and operat 
ing principles, but leave the conditions 
for their use pretty much to the im- 
agination. All this may be well for 
specialists, but there are many engineers 
who only occasionally have thrust upo: 
them the job of laying out a duct system 
and selecting a prime mover and who, 
therefore, want readable and useful in- 
formation. Professor Berry seems to 
be aware of this and has written a simple 
book should furnish 
about all they need to know on fans and 
ductwork 


which engineers 


This is not a profound work, but such 
it was never intended to be. Rather is 
it a book full of pertinent and practical 


information, stressing particularly the 


(Continued on page 24) 
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...an efficient unique technique 
for the separation of materials 


ih 


—j 








Catalytic’s process engineers hove mode a spedalty of 
liquid extraction. From the refining of lubricating oll to the 
extroction and purification of metals, their technique of 
liquid-liquid extraction has proved its worth in cutting both 
cost and time. 


Research and wide experience have brought to Cotalytic 

engineers an understending of equipment, methods, and 

materiols that leads them to the one best way to do the job. 

if you hove a task to which liquid extraction might conceivably - 
be applied, get in touch with Catalytic! 


CATALYTIC 


CONSTRUCTVYON COMPANY 


1528 WALNUT STREET, PHILADELPHIA 2, PENNA 


mn Canada. Catalytix Construction of Canada Limited. Sarnia Ontar 


CATALYTIC ON-TIME... ON-BUDGET SERVICES for the atomic energy, chemical, petrochemical and oil refining industries 


Process Design Project Analysis Economic Studies Engineering Procurement Construction Plant Operation 
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Vacuum is the Industrial Weapon “ 


Against Pneumonia and Mastoiditis 


= ee 

Stokes vacuum drying chambers in use at Abbott Lab- 

oratories, North Chicago, Ill., for the drying of crys- 

talline penicillin and other antibiotics. Picture is taken 

Remember when these were dreaded through window of sterile drying room. Operator is 


afflictions? Now mastoid troubles are a masked and gloved to maintain sterile conditions. 
rarity and pneumonia is no longer a dreaded ~ ~ 

killer, thanks to penicillin. Penicillin, dried in = 
Stokes vacuum chambers at Abbott Laboratories, 

North Chicago, IIl., is one of many pharmaceuticals which 

must be dried under vacuum because only under vacuum are the 
destructive effects of air and heat avoided. 


Vacuum drying — in many cases from the frozen state — is also the drying method 
for blood plasma, mycins, hormones, antibiotics, anti-venoms and biologicals. 


For many industrial chemicals, vacuum drying is the efficient, low-cost high 
production method for removing water and recovering valuable solvents safely. 


Stokes experts have 50 years of experience in vacuum 
processing to share with interested manufacturers. Send for any 
or all of the following informative brochures: 

(1) Freeze-Drying in Industry, 

(2) Laboratory Freeze-Drying, 

(3) Vacuum Drying. 


F. J. Srokes MAcHINE COMPANY 
PHILADELPHIA 20, Pa. 


STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment 


Page 22 Chemical Engineering Progress August, 1954 





| \ 
Me 
‘ 


} 
| 


LUMMUS TO BUILD FIRST 
HIGH-PRESSURE ACETYLENE DERIVATIVES 


. PLANT FOR GAF C\ 


4c wohpe derivatives has ww 4 


: iq "1 wp 2 tel armen 


id de “The entire project 
ing phd cosistruction has been eri- 
ise Commpé y by General-Ani= 


: tion—pionder of higb- “pressure 


aim and evelopment groups pores 
sti a laboratory seale to len Ne 
pilot plant at nce) Vr a 


ip 1949. bel \that time 
nicalls\ ‘have ben producgd) in oem - le 


aperece ver ie tion of ‘the ra 
forms th ; for design of the $6; 
ial unit at Calvert City ct 
to come onstredm in late 1955. 


The ondets lant involving high pressuges will we 
chemjcals now unavailable in industrial quantities. 


- 


bt a2) \ 


’ ' \ 
A——4 \ 
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ih 
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Among the-products to be made initi prop- 
argylalcohol, butynediol, 1 ,4-butanedio}, butyrolac- 
tone, 2-pyrrolidone, methylpyrrolidone, vinylpyr- 
rolidene, and po ylpyrrolidone ( /P)} These 
products have achieved indus ppplica- 
tions in such fiel hab age mer i cogmetics, 
textile auxiliaries, plastics, plasticizers; polvénts, ex- 
plos anjd-fine che: : Ina subsequent gtep, 
viny Vopr atanes dod oten ka their pplymers aid 
copolymers. giso scheduled to be rodheed at 
the Calvert City_plant. 

Lummus is asd to have been chase for this 


highly speci e and co ie 
ject. It is the kind of c inge that 
, 385 rae 
New! York 17, N. Y.-E ‘al & 
New York Hduston « onttreal - 
Chicago + Cardeas + Heat Baba anger sj bse 


Honesdale, Pennsylvania - Fabricated Piping Plant: 
East Chicago, Indiana. 


LU sain Us 


_a=—DESIGNING ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 
— 


—— 
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won't contaminate 
won't deteriorate 
won't “freeze” shaft action 


V-TYPE PACKING 

Chemiseal Type 810 TEFLON 
V-Packing for use in manual, air 
or motor operated valves. Con- 
struction and distinctive tapered 
V design offers chemically im- 
perviousservice and greater flexi- 
bility and resiliency, providing 
necessary seal at low gland 
pressure and reduced torque on 
valve stem. 


CUP AND CONE TYPE PACKING 
Chemiseal Type 810-W TEFLON 
Packing for both hand and 
mechanically operated valves. 
Cones deform inwardly to effect 
a seal at the spindle, while cups 
expand outwardly against stuff- 
ing box wall, making possible a 
tight seal at low gland pressure. 


WEDGE TYPE PACKING 


Chemical Type 810-WX Pack- 
ing offers the unusually low 
gland load required for valves 
made of Haveg, Karbate, cer- 
amics, etc. Rings provide space 
for thermal expansion. Also 
adaptable for spring loading 
wherever exceptionally low fric- 
tion load is required. 


PUMP PACKING 

Order Chemiseal Types 711-G, 
(graphite, impregnated) No. 
711-M, (impregnated with mica) 
and No. 711-O (pure TEFLON). 
For general purpose or non- 
contaminating pump service 
throughout the process- 
ing industries. 


>» Write for Catalog Number TP-1053. 


MARGINAL NOTES 


(Continued from page 20) 


relation of the fan to the system it is 
connected with —a matter of consider- 
able ove rlooked in 


importance, oiten 


many texts. There are three chief criti 
cisms of the book from the standpoint of 
(1) It 
is limited to the movement of air only, 
2 higl 


(2 
and 


the chemical engineer. These are 


) fan and duct requirements at 


temperatures are not considered, 
(3) fan and duct construction materials 
to resist nowhere 


corrosion are men 


tioned. These are regrettable omissions 


in an otherwise excellent and readable 


textbook 


A Bouquet to A.S.A. 


Industrial Specifications. £. H. Mac- 
Niece. John Wiley & Sons, Inc., New 
York (1953), 158 pp. $4.50. 


Reviewed by D. O. Myatt, Manager of 
Development, Atlantic Research Corp., 
Alexandria, la 


Certainly the industrial specification 
is a critically important class of business 
and commercial communication, a place 
where precision saves dollars and head- 
aches. For those whose jobs bring them 
in touch with specifications, Mr. Mac- 
Niece’s slim volume will deserve ex- 


amination. His explanation of the 


| basic function of the good specification, 


namely to specify rather than general 
ize, and his discussions of tolerances and 


| variability have the ring of expert ex- 


perience. In this reviewer’s opinion, the 
chapter on variability and tolerance is 
the high spot of the book. 

Most of the book is descriptive rather 
than analytical. This reviewer believes 
that more emphasis in the text on work- 
ing the 
organization of subject matter, an index 
the 
some tables listing sources of established 


techniques, more attention to 


to aid reterence functions, and 


specifications and American 
Standards 
have made the boo 
author 


to the American Standards 


pertinent 
would 
The 


bouquet 


Association literature 


1 


k more useful. 


tosses a_ well-deserved 
Association 
for the constructive part it has played in 
the standards and specifications field 

are not 


Chemical specifications par 


ticularly stressed. Howe ver, one or two 


CAMDEN 1 + MEW JERSEY 
FABRICATORS OF duPont TEFLON, 
Kellogg KEL-F AND OTHER PLASTICS 


Representotives in Principetl 
Cities Threvghout the World 


specimen specifications, presented to 
illustrate the author’s discussions, show 
how analytical tests and other criteria 
may be spelled out to eliminate am- 


biguity from such specifications. 


(More Marginal Notes on page 28 
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A “cushioned” porcelain-to-porcelain seal 


in the Lapp Valve 


The chemical resistance qualities of the Lapp Valve come from the fact that the 
body and plug are both solid porcelain. Porcelain, as a material, however, has little 
resiliency or “give’’ when the plug hits the seat in the body. Special spring-loaded 
“cushion” seating in Lapp valves prevents damage from a heavy-handed operator, 
and warns when seal is tight. Built into the thrust bushing of every Lapp Y-valve 
and angle valve, is an arrangement of tempered Beryllium copper spring washers. 
This spring loading also provides that a closed valve will maintain its tightness 
even under vibration and thermal movement of parts. 


V-valves, angle valves, flush valves, safety valves, and 

plug cocks of Lepp Porcelain have standard bolt-circle 

flanges for easy connection to all piping and equip 

ment Write for bulletin with complete description 1 

characteristics, and specifications. Lapp Insulator Co., PROCESS EQUIPMENT 
he Pe v 


Inc., Process Equipment Division, 335 Wendell St P 
LeRoy, N. Y 
13 ‘ ‘ 
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HIGHEST QUALITY 





THROUGH 2,500,000 FILTER CHANNELS PER SQ. IN.! 





A Celite Filter Cake is hundreds 
of times finer than the finest 


wire mesh! 


© 





Celite Filtration assures perfect clarity— 
adds eye appeal and buy appeal to food products 


TO GIVE foods and beverages that 
extra quality which results in more 
sales appeal, leading processors de- 
pend on Celite Filtration. The Celite 
method provides perfect clarity at 
high production rates. 

Celite Filtration is efficient. It re- 
moves even the finest suspended solids. 
Moreover, Celite Filtration is eco- 
nomical. \t may be used with any type 
of conventional filter, it is almost 


Johns-Manville CELITE 


automatic, and only unskilled labor 
is required for routine operation. 


And Celite Filtration is flexible. To 
meet your specific requirements, Celite 
comes in nine standard grades of 
microscopically controlled particle 
size. The right balance betweendegree 
of clarity and rate of flow may be easily 
controlled. You can obtain perfect 
clarity in food products—highest pur- 
ity in antibiotics—complete removal 
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of insoluble impurities from water, 
petroleum, chemicals, dry cleaning 
solvents and many other liquids. 

A Johns-Manville Celite Filtration 
Engineer will gladly discuss the ad- 
vantages and use of Celite in your 
product or production process. For 
his services, without obligation, write 
Johns-Manville, Box 60, New York 
16, N. Y. In Canada, 199 Bay St., 
Toronto 1, Ontario. 


*Celite is Johne-Manville’s registered trade mark for its 
diatomaceous silica products 


INDUSTRY'S STANDARD 
FOR FINEST FILTRATION 
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55 Tons per day of liquid anhydrous Ammonia is being pro- 
duced at this new plant of the Pennsylvania Salt Manufacturing 
Company at Wyandotte, Michigan. The Hydrogen is a by- 
product from Pennsalt’s adjacent chlorine plant. 

The photographs show the Liquid Air Plant and the control 
board in the compressor building; also, the Casale ammonia 
condenser, deoxidation reactor and convertor. 

For a general description of this installation, designed, con- 
structed and licensed by Foster Wheeler: 


write for HE—4-.54 


FOSTER WHEELER CORPORATION 
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The engineering guidance 
manifests itself chiefly in two ways: (1) 
in designing the layout and in selecting 
materials and sizes to fit the processing 
problem when such cooperative help is de- 
sired by the purchaser; or (2) in double- 
checking specifications. Both of these 
engineering services are backed by broad 
knowledge of processing and an appreci- 
ation of how process piping is suppose to 


function and what is needed to resist cor- 


| al 


... produced with a 
combination of engineering 
guidance and manufacturing 
skill. 








rosion, pressure and temperature ; also how 
to handle best the inevitable expansion 
when a cold-hot cycle is in the operation. 
The manufacturing skill comes from 
highly experienced craftsmen who have 
spent many years in fabricating process 
piping, utilizing over the years all the 
commercially used stainless and non- 
ferrous materials and knowing how 


to work with them. 


We ll be glad to help design 
your process piping layout or 
quote on your own design and 
specifications. 


BADGER MANUFACTURING COMPANY 


230 BENT STREET, CAMBRIDGE 41, MASS. * 60 EAST 42nd STREET, NEW YORK 17, N.Y. 
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MARGINAL NOTES 


(Continued from page 24) 


Something for the Engineers 


Detergency Evaluation and Testing, J. C. 
Harris. Interscience Publishers, Inc., 
New York (1954), 210 pp. $3.75. 


Reviewed by H. B. Trost, Hercules 
Experiment Station, c/o Research Di- 
vision, Wilmington, Del. 


This concise, well-illustrated, easy- 
reading book provides both a critical 
survey of the current status of physico- 
chemical methods for the evaluation of 
surface-active agents as well as a man- 
ual of techniques commonly employed 
in evaluating the most industrially use- 
ful properties of these agents. This 
book, as intended by the author, does 
not go into the physical chemistry, syn- 
thesis, or manufacture of surface-active 
agents; these aspects are left to other 
published works. 

In the introductory chapter, the 
author has described briefly the efforts 
made by technical and col- 
laborating laboratories to establish 
standard and acceptable laboratory 
methods for the evaluation of surface- 
active agents. 

Quick screening laboratory tests de- 
signed to differentiate between the prop- 
erties and performance of surfactants 
and to serve as a guide toward selection 
for specific uses are covered in Chap- 
ter II. 

The remaining chapters of the book 
deal expertly with specific evaluatory 
procedures and tests covering cotton and 
wool washing as well as hard surface 
cleaning of metals, painted panels, lino 
leum, and dishes. Well-described and 
referenced laboratory test methods are 
presented for handling the testing and 
evaluation of surfactants for these uses 
In these method descriptions, the reader 
is given the benefit of background dis- 
cussion and much related material gar- 
nered in the author’s and 


societies 


vigorous 


| energetic pursuit of this phase of the 


immense synthetic detergent develop 


ment. 
This book 


should prove of interest 


| and value to the engineer, chemist, or 


operator involved in the synthesis, man- 
ufacture, or formulation of synthetic 
detergents who desire, for background 


| sake alone, more specific information 


| regarding detergency evaluation. 


Like- 
facilitate the 
testing and 


wise, this volume should 
establishment of sounder 
evaluation techniques because from its 
pages may be gleaned an immense back- 
ground of “aims” and ap- 
proaches to this problem. This book 
will not supply an answer to every spe- 
cific detergency evaluation problem, but 
it will contribute much related food for 
thought which may be applied in the 
attack on such problems. 


prev ious 
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There will be a fly on the rod—not 
in the ointment, when you turn 
those stainless steel casting, valve 
and fitting problems over to us 
Thirty years of high alloy exper 
ence, and complete facilities for 
design, production and research 
is a Combination that guarantees 
quality and service 


When you hook up with Cooper 
Alloy you've cast your line for 
some real peace of mind. Our 
Stainless steel products are tops 
in qualitiy—use them with confi 
dence, and relax 


iy A mo y& 


Ali 
fitting valve Quikup impeller 


6) 
COOPER ALLOY 


THE COOPER ALLOY FOUNDRY CO © HILLSIDE NJ 


i 
docs of STAINLESS STEEL valve 


THE TALL HAVEG STACK at the Washington, Pa. plant of the Molybdenum 
Corp. of America increased the efficiency of the corrosive fume removal sys- 
tem and helped management cut costs. It was made possible by the correct 
use of supports, planned by the refiner’s engineering staff. 


Huge corrosion-proof stack of 


TRADE MASE EG. U5 PAI. OFF 


pays for itself in one year at plant of 


Molybdenum Corporation of America! 


The Molybdenum Corporation of America had a costly corrosion problem 
and they solved it themselves, with the erection of the world’s tallest 
stack of Haveg. It is 200° high with a 5’ diameter and is a major part of 
the fume removal system at the molybdenum and tungsten refiner’s Wash- 
ington, Pa. plant. Haveg replaced an alloy stack with a service life of less 
than one year, and has already paid for itself. 


» 
“4 
r 
r 
i 


It took engineering skill and imagination by Molybdenum Corporation 
Officials to plan such a king-sized use of a plastic material. For years 
Haveg had helped them fight corrosion in the plant, but could it be built 
into a stack tall enough to do the job? 


Sure, Haveg can be big. It has adequate physical strength for self-sup- 
porting equipment. Sections can be built up, with standard metal flanged 
connections. But how could sway be controlled? Did Haveg lend itself 
IN THE AIR, towering 200° high is a Haveg stack © this type of construction? 


“that couldn't be built.” The steel framework and ; , 
rigid tie lines keep the stack permanently in position. The answer is in the photos. By spacing the supporting steel framework 


far enough out from the Haveg sections, a stack was built so free of 
sway that a transit could not detect any. 


Also, the outstanding corrosion resistance of Haveg gave the refiner a 
stack that has every evidence of lasting for years, without repairs, without 


the previous costly yearly replacement. 


This is a good example of what can be done with Haveg, a plastic 
material sold in finished form, as stack sections, towers, tanks, piping, 
valves, etc. Find out all the ways Haveg can help you fight corrosion. 
Call the sales engineer listed. Write for the big 64-page illustrated Bulletin 


ON THE GROUND, more Haveg fume duct, scrub- i ‘ ’ : : . 
bers, precipitators, fans, valves control corrosion. F-6 with size and chemical resistance charts, design specifications. 


ATLANTA, Exchange 3821 . CHICAGO 11, Delaware 7-6088 


CINCINNATI 36, Sycamore 2600 « CLEVELAND 20, Washington 1-8700 AV CORPO RAT | oO N 


DETROIT 39, Kenwood 1-1785 * HOUSTON 4, Jackson 6840 
NEWARK 3, DELAWARE 


LOS ANGELES 14, Mutual 1105 ° SEATTLE 7, Hemlock 1351 TRADE MARK REG. U. & PAT. OFF. 
FACTORY: MARSHALLTON, DEL. + Wilmington 3-88864 


ST. Louis 17, Mission 5-1223 ° WESTFIELD, N. J. Westfield 2-7383 A SUBSIDIARY OF CONTINENTAL DIAMOND FIBRE CO 
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. 


DOWTHERM 
VAPORIZER © 


PINPOINT 
TEMPERATURE 
CONTROL 


made possible by 
DOW THERM 


. » 592° 


Dowtherm®, the modern heat transfer medium, re- 
quires but a single vaporizer to serve several consuming 
points with different temperatures at just the desired 
degree. Simple pressure regulation gives the tempera- 
ture you want, where you want it, for pinpoint control 
that can be maintained correct to a fraction of a degree. 


A liquid material used as a vapor heating medium in 
an entirely closed system, Dowtherm operates at high 
temperature, low pressure, and extends the advantages 
of steam-type heating to a much higher range of tem- 
peratures. If your process cycle requires alternate 
heating and cooling, however, Dowtherm liquids serve 
as a coolant in the same equipment. 


Dowtherm contains no minerals—therefore causes no 
costly sealing and forced shut-downs of vaporizer or 
processing equipment. 


Many process industries have utilized Dowtherm to 
develop new products or improve old products— 
through better production control. Whether you're 
planning a new plant or expanding present facilities, 
you'll find the Dowtherm 5ulletin helpful. Write for 
your free copy, to THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Dept. DO 878A-1. 





you can depend on DOW CHEMICALS <L 
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Adjust-O-Feeder 
Model 2-47 
Diaphragm Type 


Chemical Proportioning Pumps 


i ADJUST - O - FEEDERS 

as — the economical, quick 

—_—- a answers for chemical 
proportioning in proc- 


ess operations. 


These versatile pumps are complete, self-contained and 
ready to operate. They need only electrical and piping 
connections to go to work. Most requirements for additive 
injection, application of treating chemicals, filling and dis- 
pensing, as well as sampling in chemical processing, are 
readily met by Adjust-O-Feeder proportioning pumps. 
Write for Bulletins. Proportioneers, Inc., 419 Harris Ave., 
Providence 1, Rhode Island. 


~@roportioNEERS 


DIVISION OF B-I-F INDUSTRIES, INC. 


BUILDERS [RON FOUNDRY «© OMEGA MACHINE CO. © BUILDERS-PROVIDENCE, INC. 





TECHNICAL SERVICE REPRESENTATIVES IN PRINCIPAL CITIES OF THE UNITED STATES, CANADA, MEXICO AND OTHER FOREIGN COUNTRIES 
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Opinion and comment 


A.1.Ch.E. Publications and The Institute 


lime brings many changes, and as far as the Institute 
is concerned the pattern of recent years has been for the 
most part on the plus side. The process industries themselves 
have changed, doubling every five years, and the growth 
of the A.I.Ch.E. practically matches that. As far as Insti- 
tute publications are concerned, they too are steadily grow 
ing, and the Institute offices are now in full action prepara 
tory to beginning another publication. 

In January we plan to offer a monthly magazine devoted 
to chemical engineering theory and experiment, one that 
will become a focus for the systematic exploration of the 
science behind chemical engineering. 

Ihe decision to begin a new magazine was not casually 
made. It was the subject of long and serious consideration 
not only by Council and the editorial staff but also by the 
Future of the Institute Committee under George Holbrook 
of DuPont and the Publication Committee under the leader- 
ship of Professor Sherwood at M. I. T. Both committees 
working independently came up with the same consensus, and 
both presented it at the Council meeting last December. The 
decision of Council—the profession needed yet another pub- 
lication. 

The publishing pattern follows well-established procedures 
in professional societies such as ours. Chemical engineering 
has been well served in the past by the Transactions and by 
Chemical Engineering Progress, but as industries grow and 
as personnel becomes more numerous and highly specialized, 
its needs change. In the editor’s opinion the Institute is 
fortunate in the forthright approach of its Councils to pub 
lication problems 

Specifically the decision to begin a new publication was 
based on the need of a vehicle for those papers which, al 
though important to chemical engineering, were beyond the 
normal everyday needs of the vast majority of chem- 
ical engineers. C.E.P. has presented some of them; 
yet the volumes of material available to chemical engi 
neers has increased sharply in recent years. We have 
tried to solve the problem in several ways. One of them is 
the Symposium and Monograph Series, which has already 
won its place by doing a yeoman’s task in presenting vol 
umes of material at low cost to interested specialists. The 
most recent volume published in the Symposium series—Nu 
clear Engineering, Part I—has already exhausted its first 
printing. The very first Monograph, by Olaf Hougen, on 
reaction kinetics, is now going into its fourth printing 

Yet even these efforts were not enough. The A.I.Ch.E 
is attracting more of the best minds in the field. It is be 
coming recognized as an important publication source, and 
with an eye to the distant future, none can deny that begin 
ning a new journal in the classical sense is the correct 
thing to do. 

rhe financial aspect of the new publication is also a case 
for serious study. It is not going to be easy, but at the same 
time the Institute can, if events develop as foreseen, find it 
possible to manage a new magazine. Present plans call for 
its issuance monthly, but these are still subject to modifica 
tion. We hope to iSsue about 700 pages a year of highly 
theoretical material—first-class chemical engineering—at 
a cost of $4.50 to members and $9 to nonmembers. Ever 
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so, the Journal will represent a loss to the Institute, a financial 
drain, It will always be so, because judging by past exper 
ience, such journals are not overwhelmingly supported by 
the advertising of the chemical industry. The new Journal 
will carry advertising though, and a campaign to sell it is 
already under way. The money problem however is best 
recognized by just one set of figures in the voluminous re 
port of the Committee on the Future of the Institute: by 
1957 it estimates that the new Journal will have 1,000 pages 
of technical material a year and by 1965, some 2,000 

Actually the new magazine does not represent so much 
a subtraction of articles from Chemical Engineering Pro 
gress as the development and growth of the basic aspects 
of chemical engineering. As pure science secks new tlds, 
the fundamental developments in engineering sciences must 
be made by the engineers themselves. It is just this aspect 
of the profession that Council, the Publication Committee 
and the Future of the Institute Committee have recognized 
as Of paramount importance in future years 

It is the editor's opinion that the new magazine is not 
the final answer to chemical engineers’ publication problems 
If there were any final answers they would have been found 
many, many years ago. The profession of chemical engin 
eering is young; it is expanding at a rate few prolessions 
can match; the work of the members of the A.1.Ch.E. has 
grown in importance and dollar volume as has the whole 
held. We expect to continue to come up with new answers 

The Symposium Series will undoubtedly continue. Those 
who use the Series are on the whole happy, finding it quite 
convenient to use just one volume for the latest research 
results in a particular field, rather than to go through many 
journals in search of wanted articles 

Cherefore, the publication program of the Institute is 
threefold with C.E.P., the new Journal, and the Symposium 
Series, all serving different purposes, 

As was announced last month, Professor Harding Bliss 
is the new editor of the Journal. His headquarters will be 
at Yale University but all manuscripts submitted to the In 
stitute will come to the New York office and will be considered 
for all three publications. The present plan is for a central 
ized papers desk, from which the editors of the periodicals 
involved will select the articles in which they are interested 
rhe reviewing system will be kept much the same as it is 
and we hope that authors will accept gladly the ce 
cisions made on manuscript disposition 

One other item of publication interest ought to be explained 
to the membership: Council's action in permitting advisory 
groups for each publication. In the past when C.E.P. was 
the only publication of the A.I.Ch.E. the Publication Com 
mittee had only one magazine to study and could concentrate 
on its policies, purposes, and direction. Now with two mag 
azines this task becomes impossible for one group except 
on a broad over-all basis; therefore, each editor has been 
commissioned to appoint from the membership persons cap 
able of advising each magazine. The Publication Committee 
then becomes an over-all advisory group to the publisher ot 
the A.I.Ch.E. and to Council, The committee's task will be the 
long-range evaluation of publications in the whole field, and 
the advisory boards will each evaluate the accomplishment 
of a single publication. 
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PY GON | 
TUBING 


Today's better way to conduct corrosive liquids or gases 
is with rugged, heavy-duty, TYGON TUBING. This 


flexible, plastic pipe, in sizes up to 2” ID, is used exten- 

















sively as temporary or permanent acid and alkali lines; 
as inlet and discharge ports for chemical pumps and 
filters; as drainage and supply lines to and from reactors 
and storage tanks; and as a safe, efficient conducting 


medium in many other applications. 


Available in six standard formulations to meet a wide 
range of chemicals and other operating conditions, 
TYGON TUBING, ranging from crystal clear to glossy 
black, is highly resistant to acids and alkalies, oils and 
greases, alcohols and water. Its minimum extractability 
permits use with the most sensitive solutions. Its smooth 
surfaces afford faster flow and quicker, easier cleaning. Its 
full flexibility makes even the most difficult installation 
simple. Its high strength, abrasion resistance, and non- 


aging characteristics insure long service life. 


Why not solve the gas or liquid transmission problems 
in your plant by writing today, for detailed information 
and technical data on TYGON TUBING? Ask for free 
Bulletin T-87. Address: U. §S. STONEWARE, AKRON 
9, OHIO. 


Plastics and Synthetics Division 


« ~ —b i Z 
x SY 2 Zz 7 
ST 2 SS 


Bree it ose 
U. S. STONEWARE 


AKRON 9, OHIO 
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Mr. DeSimone is a construction 
consultant in New York. Up to 
1953 he had been for thirty-seven 
yeors connected with Merritt- 
Chapman & Scott, one of the 
largest construction firms spe- 
ciclizing in marine, heavy indus- 
trial, and building construction; 
marine salvage; and heavy hoist- 
ing. He served successively as 
engineer, job superintendent, dis- 
trict manager, vice-president, ex- 
ecutive vice-president, president, 
and director. He received a B.S. 
in civil engineering from New 
York University in 1914. 


he construction industry leads all 

others in the United States in terms 
of dollar volume. Costs in an industry of 
this magnitude are of major importance 
and are controlled by many factors. 
Since there is no magic formula of con 
trol, each one of the many types of con- 
struction activity has its own cost prob 
lems. 

This paper concerns principally heavy 
and industrial projects of major propor 
tion; 


be ce miside red 


two phases of such projects will 


1. The 


the work is planned and a contract awarded 


broad or precontract phase, in which 


The actual construction phase, in which the 


work is carried out 


Precontract Phase 
Cost controls beg 
phase ot any 


in mm the precontract 


project, when the owner 
engages an engineer or architect and ac- 
of the build- 


led to design 


quaints him with the scope 


ing plat s to the exte nee 
the structure and draw up detailed plans 
and specifications for its construction 


Unless 


builder plays no part in this first phase 


consulted, the contractor or 


Great care should be exercised m s« 
lecting the engineer-architect because of 
his role in cost control through engi 
Cost through 


two 


neering cle gn control 
this 


written into the plans, and cost variable 


alter 


medium has aspects: costs 


which arise actual construction 


begins 
Concerning the first aspect, namely 
costs written into the plans and specifi 


| 


cations, it ssential that the engineer 


or architect make a preliminary investi- 


Is ¢ 


gation of the job site and obtain accu 
rate ¢ 
ditions 


ern construction methods and labor-sav 


uch as borings and other con 
; thoroughly study the most mod 
ing device keep always in mind the 
ultimate use of the structure, so as to 


make a des 


and future m 


gn suitable to present needs 


iimtenance. Future mainte 


nance costs are important particu 


larly in the chemical field, where there 


is rapid deterioration in materials and 


equ:pment due to corrosion 
Uuless stipulated, 


otherwise it 1s 
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construction 


controlling costs 
in construction 


issumed that the engineer's plans are 
complete and definite, and the specifica 
tions sufficiently descriptive to set forth 
precisely what the owner has in mind 
Most designs are of 
Some, however, do not show 


a high degree of 
excellence 
ill details 
to be easily adapted to changed condi- 
tions in the field if encountered. When 
the design is being finalized, the owner 
should be certain of what he wants. Ex 


and are not flexible enough 


cept tor minor items, most changes made 
after work starts usually add to the cost 
On advisable, if 
costs 
have his operating or production person 


certain 
are to be « ontrolled, that the owner 


projects it 1s 


nel participate in the engineer's plans at 
this time in order to give him the benefit 
of their knowledge of what is required 
ind desirable from a practical operating 
ian..point In the interest of his chent 
a prelim 
which is later 


bids or 


the engineer usually prepare 
cost, 
with the 


inary estimate ol 


used for comparison 


construction proposals received from 
contractors 

In some instances construction spe 
the initial 


cost 


cialists are invited to review 


design and engineet estimate otf 
for friendly criticism before prices are 
al ke i ] l I il exceilt I proce ‘ 


s on the 


and is no indication of weakne 


Mai y 


constructive 


designer uch spe 


offer 


art of the 


cialists can criticism 


of the design, particularly regarding 


costs, and can make suggestions fot 
a laptit g it to regular methods of con 
the field. The designer 

aided in looking back on his job 


truction 


truction im 
thus 
and = thinking 
problems involved, and he designs a 


about the cor 
cordingly. 

After a decision on the design is mac 
and detailed plans and specifications are 


avaiiabie | 


cuolnpieled tley are tia 
contractors from whom proposals will 
ach 
cost ior 
work, which is the basis of 


or bid 


be received contractor prepare 


his estimated performing the 


his propo al 


Types of Contract 


The construction contract 
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medium through which the owner trans 


let his ishes into a reality These 


take 


ior exan ple, except in 


contract many forms. On public 


works tine ol 
lump sum or unit price con 
type, and are 
the 


agency 


emergency 
tracts 
awarded on a competitive basis to 
bi ldet The 
generally has no choice in the 
ol the 


ire the usual 


low contracting 


election 


pP ovided he can 


contractor 


qualify and obtain a bid security and 


pertormance bond 
Con costs 


may to some 


extent be controlled through the 
elected work 
competition 


west bidder 


private work 
type o 
may be 


contract and 


awarded with or without 
ind not nece rily to the k 
on a lump sum, unit price or cost-plu 


basis, with or without an incentive ar 
rangement 

An excellent type of contract ts 
fixed-fee with 


cost 


gotiated cost-plu 

anteed maximut and a pet 

bonus provision, provided this 

i aptable to the project This form ha 

advantage 
alike hel 

to acta 

In such case 


better 


bviou to the owner and to 


the contractor meetin the 
general 
believed 


vhen the 


owner pre ler his owt 


contractor 
that costs are controlled 


owner hire in expert 


to mal 
of | 


construction man 


rather than use one own staff 


Selection of Contractor 


There are many good contractor 


large and small. However, not a 


qualified by past performance on similar 


work, nor do they ualified opera 


tives particular 


al oO experiet ! the 
of project cor 
} ive sufficient resource 


handle 


be at the « 


plant and finances to 


properly; to meet or 


tion schedule; and to handle succe 


emergency Ww 
good record wit! 
therefore is nec« 
tractor 
Speed m 
t} 
ie builder 
influence pré 





Construction costs are influenced by the 
contractor's capability. They are his life 
blood, and only one who knows them 
can be expected to survive in present- 
day competition. Cost controls for him 
therefore are of prime importance. 
Regardless of the type of contract 
used, its financial basis, or method of 
awarding the work, with the execution 
of the construction contract the builder 
has a definite commitment to complete 
a project, and his objective is to do so 


at or below his estimated cost. 


Construction Phase 

Upon notice to proceed, construction 
begins. 

| have found that construction costs, 
on all but small projects, are best con 
trolled through the method of contrac 
tor operation in strong field 
organization is utilized, headed by a 
competent The pro 
ject manager, after approval of a gen 
eral plan of operation by his superior, 
must be capable of “generating his own 
carrying out the 
forces and with a mini- 


which a 


project manager. 


steam” and contract 
with his 
mum of assistance from the operating 
With this 
procedure the operating executive fol 
field re 
graphic 
tele 
phone contact with the project mana 


own 
executive at the home office. 
lows the job through regular 


and progress, 
photos, lrequent 


ports on cost 


charts, progress 
yer, and personal, periodic visits to the 
He interferes only when necessary 
and on such occasions he and his staff 
devote their best talents and energy to 
solving the problem or difficulty sinc: 
costs are always involved, immediately 
or ultimately. 

The assignment of a thoroughly com 


petent field project manager is of the 
utmost importance, since results depend 
to a great extent upon his performance 
Good men in this category are hard to 
find, and it pays in the long run to get 
the best. Cost 
dependent upon human endeavor, and it 
follows that the project manager, in ad 
dition to having knowledge by experi 
ence of the kind of work at hand, must 
leadership and administrative 
qualities and the ability to read and 
analyze reports, have a good business 


controls are essentially 


possess 


head, and be cost conscious. I believe 
cost-consciousness is one of the keys to 
control and cannot be 


The operating execu 


successful cost 
overemphasized. 


tive, realizing this, constantly empha- 
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sizes the point to his project manager, 
and expects him to develop the same 
sense of cost-consciousness in the minds 
of all under him. The project manager 
must be the spark which ignites and 
holds the enthusiasm of the entire field 
organization. He must have the follow 
ing : 

1. A strong supporting organization, specifically 
geored to control costs, and particularly a 
good office monager, because he will be the 
central figure in the record-keeping part of 
the cost control scheme. 

A competent purchasing staff to buy of or 
below the estimate 

A good expediting organization to avoid 
material delays 

Good tools and plant with which to operate 

It is 

with 


and facilities to keep the plant going. 


impossible to produce good costs 
poor plont. 

A good office os the field headquarters be- 
cause paper work is important, particularly 
on large jobs 

In the second olling 
construction 
better 
suffer the 


contractors who operate elt ently 


pha ( 0 


costs the target is to meet 


the 
financial 


or to original estimate, o1 
consequence All 
have 
ound cost-keeping methods and know 
With this knowledge they 


have the ability to approach and conduct 


their costs 


today’s construction procedures 

In one method used in preparing the original 
estimate, which has been successfully used for 
many years, each item, direct or indirect, is 
identified by an account designation, a numeral 
in the 


in the case of direct costs and a letter 


case of indirect costs. These account classifica 
tions are used throughout the construction opera 
tion on all reports. Other methods and designa 
tions are used by contractors, but are believed 


to be basically the same 

Costs can be followed and controlled 
during construction only by means of 
accurate record kee ping and re ports, ane 
When the job start 
control are 


constant vigilance 
various instruments ol 
established, with the original estimate as 
Scheduled 
the « 


plotted on 


their bass progress of the 


various items ot ontract and over 


all progress are graphic 
charts, and actual progress 1s recorded 


thereon at set intervals \ convenient 


form of linear progress schedule with a 
comparison of estimated and actual pro 
gress is made up. Job photos showing 
progress are taken at periodic intervals 
Quite often the project manager, tor 
his own use, has 
mace from the contract plans, and plots 
the progress daily on the various items 
of the work. 

Progress, however, does not necessat 
ily mean making costs 


analyze and meet or better the original 


a composite diagram 


it is necessary to 


estimate, 

This is the first 
through the labor cost and progress re 
port, which is confined to labor only. It 


done in instance 
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is compiled daily, when possible, from 
information turned in by the job fore 
men and must be accurate. It show 
items completed and unit labor cost for 
the reporting period, cumulative unit 
labor cost to date, and for comparison 
estimated quantities and estimated unit 
labor costs. It should be remembered 
that the chief concern of the builder 


to control his labor costs, and the labor 


cost and progress report is an important 
tool to the management of a construc 

tion job. Each item in it is easily identi 
fied for comment the hone 
office and field through the code account 
The re 
port is carefully reviewed by the operat 
When any item appeat 

a tendency to get 


between 
designation mentioned earlier 
ing executive. 


out ot 
out of line, 


line, or shows 
the project manager is called 
upon for a daily trend 
chart is started on the particular iten 
ind = its progress 
These trend charts are 
and have been of such help that it is 


hey be adopted for 
reference 


an explanation, 
carefully watched 
1 valuable index, 


recommended that t 
all items and used for future 
recalled where field 


indicated 


One contract is reports 


received at the home office costs 
which, if not improved, would result in a final 
unit cost on a major item double that which 
was estimated, and a very substantial loss. Im 
mediate action was taken by establishing a trend 
chart, on which was plotted the daily trend of 
the item. It wos watched carefully and methods 
were devised to improve the progress. The vigi 
ance exercised focused the attention of all on 
the danger, and as a result of corrective meas 
ures, the cost began a downward trend, and 
finally came close to the estimate. Incidentally 
this vigilance developed in that project manager 
@ cost-consciousness so deep he could not there 
This 


trates the type of cooperation between the home 


after lose it, even if he wanted to illus 
office and field which produces sound cost con 


trol 


\ monthly 
This is 


It shows, 


thipties 


report 
a larger and more detailed re 
for the month 


] ibor 
compl t 


port quantitie 


costs tor and iterial 
cost to 


final cost, and for 


unit 
estimated 


ind 
timated 


orig 


comparisol the 


inal estimate. This monthly 


1 comprehensive picture indicating vat 


iations between estimated and actual 


costs, and a forecast of final costs. The 
project manager must participate in the 


since 


preparation of this monthly 
only he can forecast with assurance the 
cost of completion. 

Reports such as those mentioned et 
able both the project manager and the 
home-office operating executive 
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To follow carefully the trend in costs on the 
work 

To be alerted to cost danger signals 

To take necessary corrective measures when 
costs get out of line or sections of the work 
fall behind schedule 


Ihey also provide the operating execu 
tive with a means of reviewing methods 
and types of plant used in construction 
in the light of the progress made, and 
this often results in constructive sugg¢ 
tions to the field project manager 


Other Factors Affecting Construction Costs 


Factors affecting costs in construction 
include some already touched upon and 
a tew 
clude: 


others not mentioned. These in 


Work changes 

Material delays 

Labor delays 

Failure of subcontractors 
Engineer's (or owner's) field personnel 
Equipment and tools 

Job safety 


Weather conditions 


coOmOn CO UwWAWN = 


Errors in judgment by contractor 


One aspect of control of construction 


costs through engineering design in- 


volves increases in costs due to work 


changes required when translating the 
into actual 
conditions—a 


design 
held 
costs may be 


construction under 


critical area where 
affected 
difficulties 
coordination of 


One ot the great 
lack ot 


whole, 


est experienced 1s 
the design as a 
especially on certain types of building 


projects which are highly specialized 


skills 


mechanical, eres 


and involve a 
tectural, 


number of 
structural, 
trical, and others he 


archi 


builder in such 


cases 1s confronted with what amounts 


to a redesign and coordination of the 


work, so as to be able to proceed with 


its construction in an efhcient and eco 


nomical manner. This invariably results 


in great delays, and ‘nm in consider 


ably increased costs 


Material delays are costly 
sult from 


They re 


many causes, among which 
scheduling, work cl 


poor 


he job purchasing agent and expe 


are poor inges, in 


proper planning, and expediting 


diters are charged with the responsi 


the 


schedule 


bility of getting materials to job 


They know the 


which must be met to 


cot 


struction 


control costs 


Chey must deal with reliable suppliers 


who can make deliveries when required, 


and thus avoid delays. Construction 


hest paid today, 
} 


wages are among the hig 
| 


ind labor delays caused by waiting for 


materials can be costly 


One of the t | breaking dela 


Thos 


in construction results from labor 


con 


troversies. Contractors with good labor 


records seldom into this trouble, 


but on 


get 


occasion job costs are greatly 
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increased through work stoppages be 


yond the builder's control, such as sy1 
pathy strikes and jurisdictional disputes 


} 


These can occur more frequently on jobs 


where many trades are used, particularly 
subcontractors 


for the 


in the case of 
The 


fully to screen 


necessity 
his subcontractors 


Uh 


) pert rm 


been mentioned failure of a 
contractor t 


the 


ind keep up 
part ot 


construction operation can 


seriously increase costs by handicapping 


over-all progr: ind holding up othe 
work until the 
replace him, or get 


to take 


(_ontractors 


general contractor cat 


himself in position 
ovel 


find it advisable t 


the best help available, regardl 


cost 


It is similarly the responsibility « 


the engineer to entrust the interpreta 


specification 


tion of the plans and 


to supervisory personnel who 


practical experience 
and 

obtaining results 
operative rather 
tude ind w 
authority 

isions when the oc den 


ie ision 


[he lack of these otten i factor 
controversit 


*s costs 


" 
Vo contractor shouk ‘ na mayor 


t without equipment d 
cost | rovre rt 
He 


and repair 


tools, Since 
controlled by it ( 
good maintenance 
to kee P breakdown dela 


ince such delays c: 


Accidents 


nnilder 


physical injurie 
to the 
both 


suits and judgments, s 


prope rty 
| 


the owner and cor 


be beyond insurance limits 
Weather 


iffect costs 


conditions can materially 


Although 


available to the buildes 


weather data are 
his only 


of control in this respect is tl 


meat 


ot good judgment—to 


when not to work if the 


' 
Site 


exposed location or when to shut 


iob down tad judement oiten n 


disaster and increased costs 
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Mistakes or errors m judgmet 


contractor increase costs, such 


+) 


can 


in the design and installation ot a 


1wse 


temporary structure, wherein the stru 


ture and tearing out 


collapses 


require 


rebuilding new, or repairing equal 


“ 


we the tructure to it 


to rest 


usefulness considerable 


vided cost and one that usually 


by the contractor. The penalty for err 


ouble the original cost 


otten « 


Summery 


| have touched only the high spots ot 


initere and 
ad will 


following recommendations fort 


1 broad subject in in ting 


fascinating industry, at conclude 
with the 


controlling construction cost 


FOR OWNER AND, OR HIS 
ENGINEER ARCHITECT 


Use great care in selecting an engineer or 
architect 

Obtain accurate data on site conditions 
Prepore complete and definitive plans and 
specifications, with maintenance problems in 
mind 


erection by regular construction 


Design for 
methods 


Obtain practical advice from construction 


specialists 
Decide definitely what is wonted 


Carefully select the most suitable type of 


construction contract 


Appoint on able field representative with 


practical experience, ability, ond authority 


to make decisions 

Coordinate in advance any separate spe 

cialty design with field conditions in mind 

Eliminate or keep work changes to a mini 
mum 

!l Moke o the contractor 


wise selection of 


FOR CONTRACTOR 


Run the job from the field, not the main 
office 

Assign a thoroughly competent field project 
manager 


him 


and a good organization under 


Assign modern tools and equipment in good 


condition, with provision for maintenance 
ond repair 

Devise simple method of cost reporting 
easily identified by main office and field 
Develop cost-consciousness in the entire or 
ganization 

Exercise constant vigilance 


Select 


heavily past record and performance 


subcontractors carefully, weighing 
Avoid materiol delays 

Avoid costly errors in judgment 

Maintain good labor relations 

Enforce a safety program 

Maintain pleasant relations with the owner 


and his engineer 


Presented at Sic 
meeting 
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PROCESS PLANTS 


construction 





the integration of engineering skills in 


chemical plant construction 


Charles W. Perry, at present engineer-mon- 


oger on a defense project at Niogara Falls, 
N. Y., has based this poper on his engineering 


experience with four chemical 


companies. 


pee engineers work in four main 
divisions of the chemical process in- 
dustries: manufacturing, engineering 
design, research and development, and 
sales. Often chemical engineers under- 
stand incompletely how the other 
branches of engineering function in the 
design and construction of new manu- 
facturing facilities. 

In the manufacture of chemicals or 
refined petroleum products, the engineer- 
ing skills other than chemical, i.e., civil, 
instrument, and 
meeting 


electrical, 
materials, have a common 
ground mainly in two places, the design 
and construction of new facilities and 
the maintenance and repair of existing 
The functions are equal in 
importance but different in nature. Be 
the money involved and the 
necessity for workable facilities, how- 
ever, skill 

ordination of efforts are required in the 
design and construction of new plants 


mechanical, 


facilities. 


cause ofl 


greater engineering and co 


Types of Engineering Organizations 

In the design and construction of most 
of 
engineering are required because with- 
of 


a successful 


new process facilities, all branches 


the six engineering skills 
he 


out any 


usually cannot 
The emphasis will vary from 


the electrical 


design 
derived 
for instance, 
enginecr’s role in the design and con 
of plant 


job to job; 
struction electrochemical 
(such 
greater than in a petroleum refinery. 
both cases, however, the design will not 


an 
soda ) is 


In 


as chlorine-caustic 


be complete or workable without elec- 
trical In recent 
recognition of the importance of instru- 


engineering vears 


ment and materials (or corrosion) en 
gineers has grown. 

An engineering organization can be 
either part of a manufacturing 
poration or a separate business that may 
or may not include construction. In the 
latter case it is often referred to as an 
and offers all the 
engineering skills, Contrasted with the 
architect-engineer is the 
contractor, who often offers only civil, 
mechanical, and electrical engineering 
skills together with labor recruiting and 


cor- 


“architect-engineer” 


construction 
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and petroleum 


supervision, and construction machinery, 
In many cases a contractor may furnish 
only labor and labor supervision, In 
other words, a corporation may buy 
whatever engineering skills and services 
it requires beyond its own abilities to 
construct new facilities. This terminol- 
ogy is arbitrary, varying from organiza- 
tion to organization. 

Usually small or medium-sized chem- 
ical manufacturing or petroleum refin- 
ing firms buy a higher percentage of 
outside engineering design and construc- 
tion help than do larger firms which 
can afford to keep an integrated group 
of highly skilled each 
branch of the profession. There seems 
to be a growing tendency in large pro- 
cess firms to use architect-engineers to 


engineers in 


an increasing extent and thereby limit 
the size of their own central divi 
sional engineering organizations. This 
places the problems of expanding and 
contracting engineering forces on the 
which is probably 


or 


architect-engineers, 


Charles W. Perry 


Project Engineer 
Baltimore, Marylord 


with research facilities frequently desire 
to protect process information developed 
within their own organizations. In such 
cases the chemical engineering design 
and frequently part or all of the mechan- 
ical design is executed within the man- 
ufacturing corporations before an out- 
side architect-engineer or contractor is 
called. 


Organization Chart of an 
Architect-Engineer 

Figure 1 shows an organization chart 
for a large architect-engineer firm of- 
fering complete service for design and 
construction of new chemical manufac- 
turing facilities. Each of the functions 
indicated is an part of the 
business of such a firm. All the design 
functions are under a single director, 
which emphasizes the importance of co 
ordination in this work. It is here that 
the engineering skills must be exercised 
in a coordinated for accurate 
and economical results 


essential 


manner 
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where it should be. It is difficult to 
generalize here, however, because the 
largest chemicai in this 


country maintains its own large central 


corporation 


engineering organization, which in effect 
acts as its architect-engineer. 


Protection of Process Information 
Chemical or petroleum refining firms 
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Sequence of Work in Engineering Design 


The chemical engineers are required almost 
without exception to perform their design work 
first. A picture of what is to be built may be 
first portrayed on process flow sheets containing 
heat and material balances and key tempera- 
tures and pressures. At least schematically the 
types of process equipment are usually pictured. 
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Without this, the other branches of engineering 
cannot go to work. 

The complex question as to when a pioneer- 
ing type of chemical plant is ready to be con- 
structed is important here. In the case of proven 
processes, such as ammonia synthesis and cato- 
lytic hydrocarbon cracking, new plants can be 
constructed at any time. Even here process im- 
provements almost always are included in new 
units to make them to some extent experimental. 

In the writer's experience a pioneering chemi- 
cal plont with a capacity of several tons a day 
was designed and built successfully wholly from 
laboratory and bench scale pilot plant dota. 
More often it is desirable to have at least some 
experience making several pounds a day of 
product befere scaling up to tons a day. In 
most cases of a pioneering type of chemical 
plant, the responsibility for a firm process flow 
sheet must rest on a chemical engineering group 
in @ research department. The requirements are 
usually less rigorous for scaling up a petroleum 
refining process, since the requirements for 
chemical purity are fewer. 

When the process flow sheet is firm, the 
mechanical and instrument engineers can start to 
collaborate with the chemical engineers in pre- 
paring engineering flow sheets where major 
equipment sizes, pipe sizes, and major instru- 
mentation appear. It is usually not possible to 
show on engineering flow sheets minor support- 
ing equipment or details of utility requirements. 

From the process and engineering flow sheets 
a@ mechanical or civil engineer can lay out the 
equipment in proposed structures. Then the cost 
estimator, who is usually a graduate engi ° 


Not only must the lines be sized, but the woll 
type of type of 
safety devices, supports, and insulation must be 
specified. Provisions must be mode for expan- 
sion and contraction of lines from heating and 
cooling. The piping draftsmen must be sure, for 
exomple, that they are not running pipe where 
the electrical droftsmen are running conduit. 
These points are mentioned to emphasize ogain 
the necessity for day-to-day 
design and construction work. 


thickness, material, valves, 


coordination of 


Corporation Central or Divisional 
Engineering Department Organization 
Chert 

Figure 2 shows an organization chart for the 
central or divisional engineering department of o 
large multiplant corporation. From his experience 
in centralized engineering divisions of two ma- 
jor chemical companies and a major petroleum 
company, the writer judges that this chort repre- 
sents a workable scheme with many virtues. All 
of the engineering skills and supporting services 
which is 


ore represented except purchasing, 


assumed to be done elsewhere. This chart pic- 
tures a separate chemical engineering group 
which includes the closely allied moterials- or 
corrosion-engineering function. 

in most sizable engineering organizations, a 
separate construction group is often set up. The 
construction of large process facilities requires 
specialist engineers with wide experience in 
handling labor and modern construction tools 
Such men are usually civil or mechanical engi- 


neers with a liking for such work. Since archi- 


firms and contractors moke their 





can determine adequately the approximate cost 
of new facilities. Unfortunately, corporations 
often do not have enough patience to develop 
these three key sets of drawings before request- 
ing appropriated money; therefore money trovu- 
bles start. 

In the design division engineers and drafts- 
men must work closely together to avoid mis- 
takes. Nothing demoralizes a new design and 
construction job more than infirm process flow 
sheets. Changes in process after the mechanical 
design starts result in obsolete drawings, con- 
fusion, delays, errors, and increased engineering 
costs. If construction has started, they result in 
added costs which are often much larger than 
the added engineering costs. 

Usually after both the chemical and mechani- 
cal engineers have their design well advanced, 
the civil and electrical engineers can become 
fully effective. The civil (or structural) engineers 
support 
personnel, which indicates that they must know 


must and house the equipment and 
what they are housing. Once an area layout 
or plot plon is firm, however, the civil engineers 
can design general facilities such as roads, 
fences, sewers, etc. 

The electrical engineers have the responsibil- 
ity of furnishing power and lighting where 
needed and of specifying motor and generator 
types and sizes and wiring for the instruments 
and controls. If new power generating facilities 
are required, the electrical engineers’ work load 
is much greater. 

Once the process equipment hos been sized 


and specified, the design of piping can begin. 
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tect-eng 
living largely on construction, they are gener- 
ally most highly skilled in this field 
facturing corporations who hire architect-engi 


The manu 


neers, however, must have at least some com 
petent construction engineers to oversee the 
work being done for them. 

Figure 2 represents the necessary functions 
for an integrated corporation engineering de 
partment. Subtracting any one of the functions 
leaves less than a complete service available. A 
corporation can vary the extent to which it 
does detailed engineering by giving more or 
less work to outside engineering firms, but each 
branch of engineering should have at least one 
strong experienced spokesman 


In two major chemical corporations the recent 
trend hos been to maintain 
central departments of highly skilled engineers 
ond place the detailed work elsewhere. 


relatively smoll 


How Much Engineering and What It Costs 


The cost of engineering, measured in 
percentage of! the total cost of a new 
facility, is a variable depending on the 
type and complexity of the job. It is 
also dependent on the amount of over- 
head applied by the manufacturing cor- 
poration, the architect-engineer, or both. 
Engineering cost here is defined to in- 
clude the salaries of engineers, drafts- 
men, and supporting personnel; space, 
light heat for them; engineering 
supplies; depreciation of engineering 

travel; theld and 
Depending on the accounting 
its overhead 


and 
equipment ; liaison ; 
overhead. 
system of a corporation, 
on engineering personnel salaries (the 
dominating cost item) has been at least 
100% It has the 
perience that engineering design costs 


been writer's ex 


exclusive of construction supervision 
range from 5° minimum to 15% maxi 
mum of the total cost of the job. A 
case where existing chemical plant facil- 
ities were duplicated in like kind gave 
a 59% engineering cost. A case where 
a pioneering chemical plant was built 
based on incomplete process data gave 
158% 

The most convenient Way to estimate 
how much and drafting 
manpower is required is to work back 
from a dollar engineering 


costs divided by the average salaries of 


engineering 
hgure tor 


engineers and draftsmen, including over- 
head. For architect-engineer personnel 
with about 120% overhead this is $100- 
$125 per worked, obviously 
an approximation 


A better way is to prepare a drawing 


man day 


only 


list when the job is adequately defined 
and relate this to drafting and design 
engineering man days. A rough average 
figure for preparing and checking a 
drawing on sizable chemical plant con 
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struction jobs is, the writer has found 
hundred Another ap 
proximation is that one hundred draw 
$1,000,000 


large chemical 


one man hours 


ings are required for each 
ot investment on 


kor 


ber of drawings 


jobs 
mall or semiworks plants the num 
per unit of plant cost 
(and therefore engineering cost) may 
well be higher. Again there is a vast 
variation from job to job 

It is interesting to examine the split 
of engineering and drafting costs be 
the different the 


majority of cases the mechanical engin 


tween branches In 


eering cost will be highest, because of 


the large amount of piping and 
This is 
the writer’s experience, about 40% of 
the total, with the rest divided as fol 
chemical 25%, structural 20%, 
electrical 10°, 
t rough approximation 

Figure 3 


pres 


ure vessel work usually, in 


lows 


and instrument 5°, as 


gives an idea of typical 


bhuild-ups of engineering and drafting 
personnel of all types for three jobs 
running simultaneously in an integrated 
organization of moderate 
the 


obtaiming 


engineering 


size. There is always problem. of 


scheduling work and 
that 
contractions can be 
of the best efforts of 


they still happen frequently 


new 


work so major personnel expan 


ions OT avoided 
In spite everyone 
concerned 
3 indicates that the engineering 


should 


worl 


Figure 
actively be seeking in 


Nove mie I 


manager 


July new tor and 


] Yer ember 


factors, extent of instrumentation, etc 


estimating engineers hase cost esti 
mates on information available to them 
The quality of a cost estimate is direct 
ly proportional to the amount of infor 
mation available. An estimation within 
15% is possible, the writer believes, only 
50% of the 
drawings are prepared; 

majority of appropriations are obtained 


With firm process 


after about engineering 


however, 


on less information 
and lay 
+30% is 


and engineering flow sheets 


outs a cost estimate within 
construction 
strikes, 
bad weather, slow material delivery, and 
not 
surprising that overruns are frequent 
lo avoid trouble later it is desirable to 


advise management what the probable 


usually possible. During 


many difficulties arise such as 


competing jobs in an area; it is 


accuracy of an estimate is when asking 
for money based on it 
To keep an engineering department 


of all 


to month, ac 


aware of the financial statu job 


in progress from month 


countants must be employed either by 


the architect-engineer or the manufac 
turing corporation to tabulate labor and 


material expenditures from month to 


month, including money committed for 
future delivery of and 
Otten 


financial 


equipment ma 


terial managements require 


monthly status reports and 
forecasts for planning capital expendi 
tures. These in turn require forecasting 
by the 


estimating ot 


construction manager and cost 


labor forces on each rob 
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Engineering Monpower Variation for 
Three Jobs Running Simultaneously 
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Estimating and Handling 
Appropriated Funds 


called “The 


k:vils of Money,” since financial prob 


This section might be 
technical 
The 


must 


lems are often as severe as 
ones in chemical plant construction 
design engineers in each group 
the 
costs of the materials and designs they 
At the the 
engineering manager must set the phil- 


osophy regarding conservativeness, cor 


be aware continually of relative 


originate, start of a job 


rosion allowance in equipment, satety 
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\ typical construction manpower profile 


for any sizable job will follow the same 


type of expansion and contraction as 
Job “A” in Figure 3 for 


personnel except that the numbers re 


engineering 
quired will be much greater 


Obtaining the Necessary Labor 


Planning whether or not part or all 
of a chemical plant construction job ts 
to be contracted for outside raises the 
question of existing or expanded plant 


forces doing large jobs when the jobs 
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the 


are adjacent to existing facilities. Con 
siderable experience with expanded plant 
forces leads the writer to the conclusion 
that for all 


for 


labor requirements sizable 


should be 
\ Miaror 


iobs contracted outside 


advantage of a contractor ot 


architect-engineer is that he can expand 


and contract his labor forces to suit 


needs without elaborate recognition ot 
the seniority systems in effect in most 


And 


greater labor efficiency 


plants thus he usually obtains 

A rule of thumb employed by a major 
petroleum corporation is that no job 
overt $100,000 should be done by a plant 
engineering department with existing or 


An abil 


itv to handle a job of greater magnitude 


expanded maintenance forces 


in this company would indicate an over 


sized plant engineering group 


Types of Contracts 


On the assumption that either engi 
neering design and/or construction work 
is to be contracted for outside, the ques 
tion of type of contract arises. Basically 
type s (1) 
> 


plus a percentage of cost, (2) cost plus 


there are only three cost 


a fixed fee, and (3) lump sum. A varia 


tion between (1) and (2) is a bonus 
or penalty arrangement for construction 


iobs. wherein the contractor obtains an 


for finishing in a certain 


time or tor saving a certain 


umount of money. and loses a certain 


umount if time or money is exceeded 


( ost plus a - percentage-ot - cost con 


tracts are unpopular with many com 


panies. Lump sum contracts are popular 
with many ihey 
that the 


he well defined, however, which usually 


companies require 


engineering design on a job 
means completion of a high percentage 

When 
a cost-plus-a-fixed-fee 
feasible 


of the drawings this informa 


lacking, 


most 


tion 1s 


contract 1S 


Plant Start-Up 


Finally, and often later than expected 


the new chemical facility will be ready 


to start up. The design chemical en 
gineer, after completion of his process 
flow 


been required continually during the ce 


sheets, will have 


and engineering 
sign and construction period to collal 
orate with the other engineering groups 
in day-to-day design questions 
the 


In chemical companies chemical 


engineers are often required t 


desigr 
issist in the start-up, ¢ > na con 
weak 
\fter 


he goes through the design and construc 


sulting capacity, to improve o1 


nesses in design as they appear 


tion with all the other engineering skills 


there is no greater satisfaction for a 


chemical engineer than to see a facility 


placed in operation 
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The Direct Catalytic Hydration PREHEATER 
of Ethylene 
in the Vapor Phase 

















C. V. Mace and C. F. Bonilla The Johns Hopkins University, Baltimore, Maryland ; 
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The direct hydration of ethylene in the vapor phase has been investigated up to PREHEATER 
650° F. and 2500 |b./sq. in. over catalysts supported on alumina and silica. 
Ethanol was the principal product with all of the catalysts studied. WO,-SiO».-gel 
catalysts were the most active, particularly at lower temperatures, which favor 
the equilibrium. 


Ethanol yields amounting to 4.0 mole %, 50% of the equilibrium value, were CONVERTER 
obtained from the WO;-SiO.-gel catalysts at 580° F., 2000 Ib./sq. in., steam to WM 


ethylene ratios of about 1.0, and space velocities of 1500 reciprocal hr. Higher 
temperatures and/or pressures did not increase the yield at the same space 
velocity. 




















A rate equation for hydration over the WO,-SiO.-gel catalyst was established 
from conversion data at four temperatures from 508 to 580° F. It indicated that 
hydration proceeds by a surface reaction without preferential adsorption of LIQUID 
ethylene or water and without retardation by strong adsorption of ethanol. The CONDENSER PRODUCT 
apparent energy of activation was approximately 30 kcal./g. mole COLLECTOR 


ETHANOL 
STORAGE 


























Mr. Mace is associated with Philip Morris Co., 
Research and Development Dept., Richmond 15, 
Va., and Professor Bonilla with Columbia Uni 
versity, New York 27, N. Y 











his paper record in experimental lute sulfuric acid and the corrosion re Equilibrium Data 
catal istant material required in the ethyl 


yst study and a kinetic analysis 
of the hydration of ethylene in the vapor ulfate process. Since thi 
phase conducted under essentially iso initiated, at least three larg 
thermal conditior in a flow reactor concerns in the United States have en reported if literature (2 
ed direct hydration, but details of tl I M7) vell equilibrium value 


thermod 


These studies were mac bec iuse ot the 


Is] calculates } ‘ le 
interesting commerc il pos ibilities ola proce ‘ have not beet publi ed ul uiat | : vatlal 


1 


1 h et nal ! “ wine t ? nami dl ta 
direct catalytic hydration process fot the he kit c analy i inlet i ‘ i 


’ te T rvick lat ‘ the «ce vn oO mm) 
producti nol ethyl al ohol In the yeat pee . for . fa 


, ' ' . 
1949 nearly 100.000.000 eal of 190 sible commercial plant VO 


. . . tuche have been wiblished on 

proo f industrial aleohol were produced - 
cess except tor meaget ind 

data in the patent literature 

inticipated that the expernnental result 


vnthetically from ethylene by absorp 
tion in sulfuric acid and subsequent 
j » ieee : 
hydrolysis. The direct proce permits could be correlated by the use of kineti 


smaller equipment and lower utility relations developed in current proced 
. ' 
costs and avoids the undesirable fumes  yres for determining flow reactio 


produced on reconcentration of the di etics (&, 10, 11) 
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limits of the equilibrium composition 
curves. The dew points from 530 to 
700° F. were obtained by extrapolation. 
The reaction of ethylene hydration at 


Fig. 1. Effect of temperature on the Ssaens Seca 
thermodynamic equilibrium for the Z constant pressure plots as_ horizontal 
aw of C,H, in the vapor = jo} —}—} $$ i gf} t} ptt} travel towards the right on Figure 2. 
phase. Seas - SSS Bte-i ee : 

8 ft oy tt Pitt tt 4 et Therefore, any superheated mixture on 


K, = (feyngou/fogny X fugo). tt gt tt ttt —t+—t—4—sétthe ethylene side of equilibrium will not 


Asterisk designates ethanol dehy- show condensation during reaction if 


dration only; oll others approached r | Ei= tte the final equilibrium is to the left of 
equilibrium from both sides. wf, _t tt vat word +1 the appropriate dew point curve in Fig- 


ure 2. 





Catalysts 


Numerous solid catalysts have been 
reported capable of hydrating ethylene 
in the vapor phase but their commercial 
utility cannot be judged because reliable 
rate data do not exist. Catalysts re- 

Fig. 2. The effect of varying total § Horted most active for the hydration of 
pressure on the equilibrium partial - : . 
pressure of ethanol at different tem- ethylene up to 650° F. and 301 0 Ib./sq.in 
peratures and mole ratios. are WO, and MoO, on SiOz, prepared 
> a Mf ; from the heteropolyacids (18), cad- 
alt aise O74 mium metaphosphate (2, 1&), chrome- 
a Se poe phosphoric acid on SiO, (18), phos- 
eh rae gy phoric acid on SiO, (78), and Al,Ox 
 \ ___——<_ * and WO,—AI1,03 (4, 14) 
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Equation (1), which also agrees almost 
»xactly > ‘ > 1 »slecte . 

ogg ly with the : alue s of K;, selected Table 1.—Catalysts Prepared for Hydration of Ethylene (C — coprecipitated; S — soaked) 
by Vvedenski and Feldman (19), was 
adopted in this study. The fugacities 
required to compute Ky, were obtained 


A. WO,—Al,O,-gel Catalysts 
Activation 

ang > » fonoti Pa Promotion temp., 
by 2 tA the mole fraction of eac h |: aan of. % Composition and promotion solutions used 
constituc nt by its fugacity from New- gy4n None 1100 100% Al,Orgel 
ton’s curves (72) for the pure com 12A c 1100 =: 90: Al.O, and 10 WO,, from Al,O,gel and Na,WO,.2H,O ; 
ponent at the same temperature and 13A s 680 74.0 ALO, ond 26.0 WO,, from Al.O,-gel and phosphotungstic acid — 
total pressure. This follows the assump- 15A c 1100 = 75.4 Al,O,, 24.1 WO, and 0.7 SiO, from Al,O,-gel and silico-tungstic acid 
tion that the wases f leal 158 c 1100 =. 50.0, 49.0 and 1.0 prepared like 15A 

a ie gan Ss lorm idea $0 utions 44,4 Ss 680 74.0, 25.4 and 0.6 from Al,O,-gel and silico-tungstic acid 
such that the fugacity coefficient of 148 s 680 77.2, 22.3 and 0.5 prepared like 14A 


each component is the same at its Ppat- —B. Commercial Alumina Catalysts 

tial pressure as at the total pressure, an 3A-3E rfl 950 72 Al,Os, 26 WO, and 2.0 NiO, from German hydrogenation catalyst 
assumption which has been shown by 7A 95 Al,O, and 5 SiOz, Harshaw 

Ewell (6) to be reasonable. The equi- WA + 100 Al,O,, Harshaw 


librium partial pressure *the rg 7A 95 Al,O, 5 WO, 
p il pressure of ethanol was 8A : 90 ALO, 10 Wo. 


calculated and plotted in Figure 2 vs. yg 85 Al,O,, 15 WO 
~Y 4 


temperature and total pressure for in 23A 75 Al,O,, 25 WO, 
itial ethanol-free H,O/C,H, mole ra- 244 . -- 50 Al,O, 50 WO, 


tios of 1, 2 and 3, yielding the families  C. $iO,-gel Catalysts from Desiccant Gel 
of straight lines shown with a slope of 4A 650 90.0 SiO., 7.5 WO,, 2.5 ZnO, German hydration catalyst 
0.5. 5A 650 78.0 SiO,, 22.0 WO,, from SiO, and phosphotungstic acid 
7 58 850 87.6 SiOx, 12.4 WO,, from SiO, and phosphotungstic acid 
Since high pressures and low temper- 964 600 74.0 SiO,, 26.0 WO,, from SiO, and silicotungstic acid 
atures shift the equilibrium towards 268 850 74.5 SiOx, 25.5 WO,, from SiO, and silicotungstic acid 
higher ethylene conversions, but the 25A 600 87.1 SiO,, 12.9 MoO,, from SiO, and phosphomolybdic acid 
presence of liquid phase may have ad- 398 2. 2 a cto he ae 
verse effects on catalysts, it is desirable ; pests - . ie thats 





to know the dew point of the equilibrium D. SiOrgel Catalysts Prepared from Intermediate Density SiO, 

: 7 . ilaas 29D 600 947 S.O., from SiO, and silicotungstic acid 
mixture ; é t - Te 4 ° 
5 ; ; a cad * 0 soe ved ~— oor 29G 600 85.9 SiO,, . , from SiO, and silicotungstic acid 
and pressure. re equill riumMm-Vvapor- 1 29A 600 71.3 SiO., : from SiO, and silicotungstic acid 
quid compositions ot the binary system 29E 850 95.8 SiO,, , from SiO, and silicotungstic acid 
ethanol-water found by Griswold, 29H 850 87.2 SiO», 12. from SiO» and silicotungstic acid 
Haney. ar Kline (9 to 530° F. 298 850 72.5 SiOz, 27. » from SiO. and silicotungstic acid 
ae “ys ve ' i ‘ | yA - Re : _ 29°F 1100 = 96.6 SiO», 3. , from SiO» and silicotungstic acid 
were extender mt - ow et anol rang< 29! 1100 = 87.5 SiO, 12. from SiO,» and silicotungstic acid 
by the method of Carlson and Colburn  29¢ 1100 673.3 SiO,, 26. from SiO» and silicotungstic acid 
as reviewed by Dodge (5). The ethyl- 29/- 600 82.5 SiO,, 17. from SiO, and silicotungstic acid 


ene in the vapor was neglected. The  €. Other Catalysts 
calculated dew points, plotted on Figure 1B e 1100 40.0 NiO + 60.0 WO,, Shell hydrogenation catalyst 
x yielded the straight lines of slope ap- 9A * tees 40.0 Co + 10.0 ThO, on kieselguhr, Harshaw 


proximately 1 shown as the right-hand 


yuryVoanunnunwnuann 
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Difficulties were reported with ethy- 
ene polymerization and/or low space 
time yields over all exce pt the hetero 
polyacid catalysts Ethylene conver- 
sions as high as 86% were reported by 
(18) for the 


Active catalysts resulted when 


Tanner heteropolyacid 
catalysts 
the complex anion of the heteropolyacid 
included from group VI, 
subgroup A of the Periodic Table, such 
as Cr, Mo and W. 

lungsten 
supported on alumina, alumina-gel, and 


one element 


and molybdenum oxides 
silica-gel were used in these hydration 
experiments. Harshaw W0O,—AI,O; 
catalysts containing from 5 to 50% WOs 
were used. WO,—AI,O,—gels having 
up to 50% WOs were also prepared by 
and by 
with phosphotungstic and silicotungstic 
acids. WO, 
taining up to 30% WOs were prepared 
by soaking in silicotungstic and phos 
the SiQ,-gel car- 
rier previously out by 
Different density silica-gel carriers were 
used, the 
and percentage composition varied. The 
MoO, 
pared by soaking the SiO.-gel in phos 
phomolybdic acid. The more important 
listed in Table I. C.P 


grade chemicals were used in the prep 


impregnation coprecipitation 


SiO.—gel catalysts con 


photungstic acids 


wet steaming 


and activation temperature 


SiO.-gel catalysts were pre 


catalysts are 


aration of all the catalysts tested. 

The Wo,—SiO-gel catalyst selected 
for the kinetic studies (29 J, K, L 
M in Table 1) contained approximately 
17.5% WOs by weight 
from silicotungstic 
28.6 ¢g. of 
SiO,-gel 
Chemical Co., 


and 


It was prepared 
acid as follows 
intermediate density 
the 
screened 6 to 12 mesh, 
was steamed for 6 hr. at 200° F, 
then soaked in a solution containing 8 ¢ 
SiO,.12WO,.26H.O dissolved in 34.0 
g. distilled water. After drying for 24 
hr. at 230° F. it was activated at 60° F. 
for 3 hr. in a muffle furnace in air. The 
bulk density of the catalyst was approxi 
mately 0.55 g./cc. 


dry 
obtained from Davison 


and 


Flow-System Kinetic Equations for 
High-Pressure Reactions 


In gas-phase heterogeneous reactions, 
usually proceeds by 
an activated complex, 


chemical 
the 
and the over-all process may be divided 
into five different steps, any one of which 
may control the reaction rate (11): 


change 


formation of 


1. moss transfer of the reactants in the gas 
phase ot the surface of the catalyst, 
activated adsorption of the reactants on the 
active sites of the catalyst, 
chemical reaction between adsorbed reactants 


to form adsorbed products, 

desorption of product molecules, and 

mass tronsfer of the product from the surface 
of the catalyst to the gas phase. 
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The rate of adsorption, desorption, or 


the surface reaction is usually control 
ling in flow systems using beds of finely 
divided catalysts 

Rate equations can be developed from 
simple adsorption theory if it can be 
that the catalyst sites 


competitive sum 


assumed 
are not 
larly. 


active 
and behave 


In the reaction 


H.O(g) + CoHy(g) @ C.H,OH(g 


represented by A 4 


the surface reaction will be assumed rate 


controlling. When 


molal active 


unit 


L = number of 


sites per catalyst 


mass, 
number of adjacent or dual 
active Sites per site, 
molal 


number of vacant 


active sites per unit ca 
talyst mass, 

the 
components in 
at the 
sumed equal to the fu 
the 


(neglects dif 


fugacity ot respective 
the fluid 


interiace, as 


fatode 


gacity in maim ga 
stream 
fusional resistance), 
surface molal concentra 
tion of 


and R, 


catalyst mass, 


molecules A, B 


moles per unit 


k = surface reaction 


constant, 


veloc ity 


then s/ 
tration of dual active sites, ¢ 4 L to the 
and the 


is proportional to the concen 


fraction of sites occupied by A, 
rate of the forward surface reaction be 
tween adjacently adsorbed molecules A 
and B is 


r, = ksL(C,/L)(Cg/L) 


ksC 4Cp/l (2) 


Similarly, the rate of the reverse mono 


molecular surface reaction between FR 


ind the vacant adjacent active sites is 


Ys k’sC pC, /1 (3) 
When r equals the moles ethanol formed 
per unit of catalyst mass per hour, the 


net rate for the forward reaction is 


(ry — 12) 


K’) L (4) 


ks(C4C gp — Cpl 


where K’ is the equilibrium constant of 
the surface reaction and equals k/k’ 
CrC_/CaCg at equilibrium. The sur 


face concentration of each component 
must be proportional to its fugacity and 


to C,. Thus 


Ke 
K Kk 


C4a/faCr, Ke Cp/f eC, 


Cr/frCx 


(5) 


where K,, Kp, and Ky are designated 
adsorption equilibrium constants. When 
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they are substituted the rate equation 


becomes 


ks(K 4K pfafn — Kafe/K' XC? 


I (C4 + Cpt Cp) 
(l+f4Kg + foKy + fe&e) 
(7) 
and 


K’ =K,K,y/K,Kp (8) 


When these expressions for C, and K’ 
and a catalyst fouling factor E are sub 
tituted in Equation (6), the rate equa 


tion becomes 
’ [ERSLK 4K yp/(1 + faky 


+ fokK yp + feKe)*) fafa [a/Ky) 


(9) 


l‘urther simplification by substituting 


an over-all reaction rate constant Z for 


ksl gives 


urface reaction controlling 


’ [ZEK AK y/(1 + faks 
+ foKaet+feke)*) Salo Ky) 


(10) 


ind by similar procedures the following 


te equations can be developed 
b adsorption of A controlling 


fh 4 


[(Z,E/(1 + fyKp 4 + {pK ») | 


rudy, 
(fa Ir fyhy) 

c. adsorption of F& controlling 
’ [Zee /Cl + Saka + fad ak phy) 
(fal ak, (12) 


where Z, and Zp are the corre ponding 
constants tor 


re 


over-all adsorption rate 


the specific catalyst 

Equation (10) indicates that the re 
action rate should become greater a the 
fugacity of A or of B is increased, a 
would be expected im a suriace reaction 
the the 


trongly ad 


reactants nor 


orbed In 


in which neither 
products are 
creasing f, in Equation (11) would not 


change the rate appreciably, as it de 


pends primarily on the rate of adsorp 


A. The dependence of the rate in 
of Rk 


characterist« 


tion ot 
Equation (12) upon the 

fand #1 
retarded by 


fugacity 
as well as of 
of reactions trong ad orp 
tion of a product. 


These 


sumptions 


rate equations, involving as 


which cannot be rigorous, 


idealized. However, if 
should 


with the experimental data over a 
conditions, thi 


are necessal ily 


one of them agree fairly well 


wide 


range of would consti 


tute rather good evidence that the mech 


anism assumed in deriving the rate 


equation was correct 





Apparatus and Operating Procedure 


The apporatus wos designed to reach 700 
F., 3000 Ib./sq.in., space velocities varying from 
200 to 20,000 hr.”', and steam to ethylene ratios 
from 0.5 to 3.0. Larger steam to ethylene ratios 
could be used in low pressure runs 

The system is shown in Figure 3. A type UM 
2F HillsMcCanna pump injected water into a 
standard 2-cu.ft 
ethylene therein to 4000 Ib./sq.in. The ethylene, 
the U. S. Industrial Chemicals C.P. grade pro 
duced by dehydration 
99.5% C.H, with balance largely N, and CO 
The ethylene passed through two traps to re 


gas cylinder, compressing the 
averaged 


of ethanol, 


compounds 
then 


move any traces of condensable 


which might poison the catalyst and 
through a manually controlled needle valve with 
which the reaction pressure was regulated. It 
wos next preheated in a coil of 0.25-in. O.D. 
Monel tubing immersed in a bath of hot Mepro- 
line oil and bubbled through water maintained 
at the proper temperature to obtain the desired 
H,O/C.H, The 


was then passed through electrically heated and 


ratio ethylene-steam mixture 
thermally jacketed lines to a second preheater, 
where the desired reaction temperature was at- 
tained, and to the converter. The converter 
consisted of 0.49-in. 1.0. Monel pipe welded to 
steel flanges, and the catalyst volume could be 
varied between 10 ond 30 cc. by spacers made 
from stainless steel screening. The converter, 
which had three thermocouples welded to the 
outside along its length, was surrounded by an 
air chamber and a large heated jacket, which 
kept it adiabatic. 

The reaction products passed into a water- 
jacketed sample collector, the condensed liquid 
issuing at the bottom to ao trap and the uncon- 


densed vapors going on to a long tubular 


la 
THERMOCOUPLE TWERMOCOUPLE 
waTeR pi 
SATURATOR 


PREWEATER (2) 





—————EEE 


The 
noncondensables expanded through a manvally 
controlled reedie valve to atmospheric pressure, 
passing through a capillary flow meter and a 


condenser and a second sample collector. 


wet-test meter before being sampled and dis- 
carded. During the preliminary portion of each 
run no liquid product was allowed to accumulate 
had be- 


come stabilized, however, the valves at the bot- 


in either collector. When conditions 


tom of the collectors were closed and liquid 
samples were retained over the hour or two 


duration of the run 


Analytical Procedure 


The volume and weight of the liquid product 
from each run were recorded. The liquid wos 
then diluted with woter and any ethylene poly- 
mer thrown out was decanted and weighed. An 
aliquot of the product was tested qualitatively 
for aldehydes and ketones with alcoholic sodium 
bisulfite 
lyzed for diethyl ether, ethanol, and water by 


The remaining liquid was then ana- 


fractionation in an analytical distilling column 
at high reflux ratio 

A sample of the exit gos was stripped of 
heavier olefins by 87% sulfuric acid and of 
carbon dioxide by potassium hydroxide solution 
in an Orsat apparatus. It was then analyzed for 
ethylene by the method of Francis and Lukasie- 
wicz (7) by use of a solution of mercuric-sulfate 
in 22% sulfuric acid. Heavy olefins and CO, 
found in appreciable amounts. 


were never 


Saturated hydrocarbons were never indicated 
nor analyzed for 

The moles of unreacted ethylene were calcu- 
lated from the wet-test meter readings ond the 
The total 
were those unreacted plus those required for 


The 


percentage of ethylene. inlet moles 


the observed ethanol, ether, and polymer 


THERMOCOUPLE 


& 
s 
Ss 





PREWEATER (1) 


IWDICATING GAS 
FLOW METER 








ETWYLEWE 
RESERVOIR 





Schematic flow 
high-pressure 


Fig. 3 
sheet of 
apparatus. 














t 




















Page 388 


Chemical Engineering Progress 


inlet water was that found in the distillation 


plus that in the ethanol and ether. The space 


velocity, S,, is the moles of inlet water and 
ethylene per hour converted to cc. of ideal gos 
at O° C. and 760 mm. and divided by the 
volume of the catalyst in cc 

The total pressure was controlled to within 
+2% by manual operation of the valves. Cu 
mulative gos flow wos measured within +0.5% 
and momentary fluctuations did 
+5%. The ethylene gos analysis was accurate 
to +2.0%, 
somple containing ot least 2.0 ml. of ether were 
+2%, as shown by known 


not exceed 


and the ethanol and ether in oa 
determined within 
blanks 


Experimental Correction Procedures 


It was desirable to obtain experimental dato 
at identical conditions for reliable comparison 
of the different catalysts. Since this was not 
always achieved, the observed ethanol yields 
were corrected to a standard catalyst activity 
level, a H,O/C.H, 1.0, 
spoce velocity of 1500 hr. ' when they were not 


mole ratio of and oa 


far removed from these standard conditions 


For the activity correction, each catalyst was 
submitted to an initial check run of 30 min. at 
the standard conditions and frequent subsequent 
check runs. Variations in the activity level from 
one catalyst sample to another and changes in 
activity during use were corrected by introduc 
ing a fouling factor E. E was expressed os the 
ratio of space velocities which would give the 
same ethanol yield with the test and the stan 
dard catalysts. It is more descriptive (11) of 
the properties of the catalyst than is the ratio 
of yields at the same space velocity 

In most instances correction to the standard 


1500 hr 


from curves already obtained over a range of 


space velocity of was carried out 


space velocity. In the other cases use war made 
of the fact that the logarithm of the ethanol 
yield was approximately proportional to the 
logarithm of the space velocity. 

When the observed mole ratio was between 
0.5 and 2.0, the ethanol yield was corrected to 
a mole ratio of 1.0 by the assumption that the 
reaction is homogeneous and first order with 
respect to C.H, and H.O and thot the fugacities 


are equal to the partial pressures. Hence, 


k(P,.P,) 13 


where P, the partial pressure of H.O, and 
P 
temperature and for ethanol yields smaller than 


5%, the right side of Equation (13) is nearly 


the portial pressure of C.H,. At constant 


K 


constant. Designating the ethylene-water mole 
ratio P,/P, R*, and the 


one obtains by simultaneous solution 


total pressure P 


Pp 
R*+1— 


(13), the 


rate for a given temperature and pressure is 


By substitution in Equation reaction 


given by 
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To correct the percentage ethanol yield when 
R* is not equal to one, it was multiplied by the 
ratio (R* + 1)°/4R*. The correction is small 
for in an extreme case in which R* 2.0 the 
yield would be multiplied only by 9/8 to give 
the yield at R* 1.0. Although the correction 
was derived for a homogeneous reaction, it 
seemed quite adequate for this heterogeneous Fig. 4. Effect of increasing 
‘i temperature on C.H, hydra 
aes tion over WO.-SiIO. and 
wo,--ALO, catalysts at 
1515 Ib. sq.in HO CH 
mole ratio 1 and space 
A. CATALYST ACTIVITY velocity 1500 reciprocal 
hr 


Experimental Results 


Che ethanol yields obtained at stan 
rd conditions over the different cat 
sts are given in Table 2 and plotted 
in Figu 4. The catalysts containing 
WOs on silica gel, were evidently all 


ufficiently active to have commercial 








8 62 
interest, but there i Significant eftect TEMPERATURE (*F) 





Table 2.—Comparison of Different Catalysts for C.H, Hydration at 1515 tb. sq. in., 1500 hr. 
Space Velocity and C.H./H.O Ratio of 1.0 


A. Effect of % WO, and Preparation Method in Al.O.-gel Catalysts 


Catalyst 
Ethanol Equil. C,H, % CH, 


Run Promoter ° yield r conv conv 
9, 


No 


63 
72 
89 
74 
78 
100 


8. Commercial Alumina Catalysts with WO, and SiO 


51 
24 
37 
68 
57 
87 
59 
83 
118 
125 


No 


6A 
12A 
13A 
14A 
15A 
158 


C. SiO, Catalysts 


64 
110 
130 
145 
134 


type 


None 
NW.-C 
PW.-S 
SW-S 
sw-C 
sw-c 


wo.-G 
WO,-PW 
wo,-PWw 
wo,-PW 
MoO,-PM 


i) 


0.0 
10.0 
26.0 
25.4 
27.0 
49.0 


26.0 
26.0 
26.0 

5.0 

00 

5.0 
10.0 
15.0 
25.0 
50.0 


from Desiccant SiO.-gel with WO, and MoO, 


7.5 
22.0 
22.0 
13.9 
12.9 


mole ° 


0.10 
0.24 
1.53 
1.44 
1.23 
1.46 


25.3 

27.0 621 

26.3 575 2.61 
25.3 577 3.20 
24.5 577 0.22 


o to polymer 


140 wo,-Sw 26.0 30.1 576 3.10 


D. Effect of Varying % WO, and Activation Temp. in SiO, Catalysts Prepared from Intermediate Density SiO,-gel and Silicotungstic Acid 


29D wo,-SW 147 575 1.91 
29G WwoO,-SW 16.3 575 3.51 
29K wo,-SW 11.0 578 3.50 
29A WO,-SW 19.8 575 3.15 
29H wo,-SW 16.3 577 2.73 
298 wo,-SW 20.2 575 2.95 
29F woO,-SW 149 575 0.22 
291 wo,-SW 16.5 576 0.86 
29C WO,.-SW 19.3 574 0.6) 


E. Shell WO,-NiO Catalyst 


16 18 wo 39.7 564 
17 18 wo 39.7 563 


F. Harshaw Co-ThO, on Kieselguhr 
66 9A ThO 10.0 246 626 ! 
67 9A ThO 10.0 24.6 666 0 d 1 


Meaning of Symbols: NW—Sodium Tungstate; PW—Phosphotungstic Acid; SW-—Silicotungstic Acid; C—Coprecipitated; S-Sooked; G—German 
Hydrogenation Catalyst; H—Harshaw Catalyst 


* Promoter is not used in its real sense throughout this poper, for it usually pertains to small percentages of additives. Ine Al,O Al_O.-gel and 
SiO.-gel are catalyst supports and WOs, MoO, and others are undoubtedly the real catalysts 





Vol. 50, No. 8 Chemical Engineering Progress Page 389 








Table 3.—Effect of Experimental Conditions on Ethanol Yield over Several Catalysts 


A. Effect of Varying Temperature and Pressure over the German WO,-—-AlO, Catalyst 
C.H, Conv. 
Press. . C.H,/H,O Ethanol 


Catalyst 


Temp. 
“t. 


557 
620 
629 
656 
625 
656 


Ib. /sq.in 


obs 


1515 
1515 
1515 
1515 
2515 
2515 


0.76 
0.77 
1.07 
1.08 
0.93 
1.01 


ratio 
obs. 


1.32 
1.34 
0.94 
0.94 
1.38 
1.03 


B. Effect of Varying Space Velocity over WO,—Al.O.-gel Catalysts 


107 
103 
106 
104 
105 


C. Effect of Varying Temperature and Total Pressure over WO,—SiO,gel Catalysts 


267 
233 
235 
205 
204 
202 
206 
207 
201 

200 
199 
198 
190 
189 
172 
188 
208 
187 
209 
210 


D. Effect of Varying Space Velocity 


211 
212 
213 
214 
215 
155 
170 
157 
161 
156 
160 
166 
176 
174 
177 
175 


158 
158 
158 
158 
158 


626 
624 
624 
618 
619 


1515 
1515 
1515 
1515 
1515 


* Corrected for mole ratio only. 


29K 
29K 
29K 
29K 
29K 
29K 
29K 
29K 
29K 
29K 
29K 
29K 
29) 
294 
29) 
294 
29K 
294 
29K 
29K 


* Mixed phase. 


29K 
29K 
29K 
29K 
29K 
27) 
294 
29) 
29J 
2/3 
293 
27J 
29) 
29) 
294 
27J 


508 
548 
548 
471 
511 
520 
550 
583 
505 
520 
544 
582 
*442 
490 
520 
530 
545 
578 
583 
583 


519 
520 
519 
523 
521 
579 
579 
578 
579 
578 
576 
579 
575 
575 
578 
578 


225 
225 
225 
515 
515 
515 
515 
515 
1015 
1015 
1015 
1015 
1515 
1515 
1515 
1515 
1515 
1515 
1515 
2025 


over WO, 


1015 
1015 
1015 
1015 
1015 
1515 
1515 
1515 
1515 
1515 
1515 
1515 
1515 
1515 
1515 
1515 


* Corrected for mole ratio only 


0.33 
1.50 
2.55 
3.10 
4.72 


1.50 
1.71 
1.87 
1.58 
1.80 
1.78 
1.76 
1.64 
1.92 
1.75 
2.16 
2.16 
1.67 
1.51 
1.78 
1.76 
2.00 
1.82 
1.96 
1.74 


0.36 
1.00 
1.50 
3.16 
5.41 
0.19 
0.35 
0.61 
1.03 
1.54 
2.27 
3.16 
3.97 
5.36 
9.85 
5 


0.86 
1.33 
1.21 
0.32 
0.42 


0.99 
3.96 
3.14 
0.98 
0.77 
0.77 
0.75 
0.89 
0.70 
0.70 
0.60 
0.55 
0.79 
0.94 
0.79 
0.77 
0.68 
0.73 
0.70 
0.88 


SiO.,-gel Catalysts * 


1.64 
1.02 
1.33 
1.08 
0.93 
0.80 
1.02 
1.19 
0.50 
1.00 
054 
0.98 
1.24 
0.70 
1.00 
0.88 


E. Effect of C.H,—H,O Ratio on Ethanol Yield over WOs—SiO.-gel 


233 
235 
229 
250 
239 
252 
240 
255 
226 
260 
227 
258 
259 
208 


29K 
29K 
29K 
271 
29K 
29L 
29K 
29L 
29K 
291 
291 
29L 
2vt 
29K 


548 
548 
546 
550 
546 
548 
546 
546 
546 
551 
549 
548 
550 
545 


225 
225 
285 
305 
255 
265 
255 
515 
515 
515 
515 
1515 
1515 
1515 


1.71 
1.87 
1.78 
0.96 
0.75 
1.00 
2.73 
1.40 
1.08 
1.39 
2.02 
1.29 
1.81 
2.00 


3.96 
3.14 
1.80 
1.26 
0.55 
0.23 
0.12 
2.16 
1.63 
0.98 
0.52 
1.70 
1.32 
0.68 


mole 


obs. 


0.28 
1.18 
0.70 
1.36 
0.70 
1.15 


2.31 
1.91 
1.30 
0.75 
0.71 


0.81 
0.43 
0.46 
1.26 
1.86 
1.97 
1.64 
1.53 
1.69 
2.06 
2.93 
1.98 
0.12 
0.54 
2.04 
3.30 
3.30 
3.25 
3.16 
3.74 


Catalysts * 


% 
obs. 


0.49 
2.03 
1.42 
2.79 
1.20 
2.19 


4.90 


conv. to 
polymer 


* Ethanol yield corrected to standard space velocity. 
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of WO, content. The WO,—AI.O, 
catalysts were considerably less active, 
particularly at the temperatures 
that would be commercially preferred 
The several catalysts without WOx, gave 
still less conversion. 


lower 


Figure 5 shows that the 
WoO, content was about 15 to 18% and 
that high 


creased the 


optimum 


activation temperatures de- 
Ethanol yields per 


the 


activity. 
unit of catalyst bulk 
same for catalysts prepared from desic 


volume were 
cant and intermediate density silica gels, 
even though the desiccant gel catalysts 
were 50% denser and held 
WO,. About 5% of the reacting ethyl- 
ene polymerized over these catalysts at 

F., 1500 Ib and standard 
which was considerably less 


oU% more 


sq.1n., 
conditions, 
than over the alumina supported cata- 
lysts. Polymerization always decreased 
when steam to ethylene ratio was in 
creased, as expected, and on reduction of 
the temperature. No side reactions other 
than ethylene polymerization were ever 
detected in appreciable quantities. 

No long-term tests were carried out 
cataly st life 
and reactivation possibilities, but 
lyst 29L-1 was used for 46 hr. at 550° F 
without detectable change in its activity 
fall-off in 


to determine economical 


cata 


Other runs showed some 


activity. 


B. EFFECT OF OPERATING 
CONDITIONS ON YIELD 
Table 3 


out 


runs carried 
than the 
It is apparent from Fig- 


the 
other 


wnmarizes 
under conditions 
standard ones 

+ that each catalyst had an optimum 
It would be 
500° F 
S10. gel catalysts or 


WO,—AIl,O, cata 


ure 
practic il ten perature range 
onmical to exceed ome 
with the WO, 
650° F. ith the 
lysts 

Incr ing the ure at 
| improved the 
tart, but 


unecor 


constant 
steam 
ethar viel p it i he 
later Y : mptoti a max! 


mum, Sines 
higher 
tion witl the 


ncreased Pp lymeriza 


catalysts, there 


would little practical advan 


tage in ure as close to 


the dew 
the 


all aly 
yieiad aiways 


‘igure 7 hen space 
reased the 


at the higher pre 


velocity was de 


increased llowever 


sures, which favor polymer formation, 
the yield tended to level off considerably) 
below the predicted equilibrium yield 
Steam to ethylene mole ratios greater 
than one were found advantageous for 
all catalysts because of the decrease in 
ethylene polymerization. However, care 
must be the 
coming large enough to produce conden 
sation the WO,—SiO.-gel 
lysts are used because they lose activity 


Simi 


taken to prevent ratio be 


cata 


when 


permanently in the mixed phase 
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Fig. 5. Effect of increas- 
ing percentage WO, ond 
the activation tempera- 
ture in WO,.—SiO 
lyst 29. 


cata 
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° 
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Fig. 6 


Effect of pressure on ethylene conversion over WO 


400 


TOTAL PRESSURE (psi obs) 


siO 


1600 


cotalyst 29 





Table 4.—Experimental Determination of the Equilibrium Constant at 554° F. from 
Dehydration Runs over WO.-SiO.-gel Catalyst 29K 


Pressure—\b./sq.in. 
Temp 


Ethanol F 


Catalyst 


No Total 


29K 
29K 
29K 
29K 


1080 
1070 
1040 
1040 


245 
440 
530 
705 


555 
554 
553 
555 


% Ethanol « 
CH, 


96.3 
946 
90.5 
66.0 


onv 


C-H,),O 


0.0 
0.0 
2.9 
18.2 


to 


Obs 


54 
34 
38 
115 
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lar tests with the other catalysts were 
not conducted. A summary of the effect 
of experimental conditions on ethanol 
yield over several catalysts is 
Table 4 

Some 


WO, 


that would cause condensation of liquid 


given in 


runs were carried out on the 


SiO, catalysts under condition 


runs al 


had 


Subsequent standard 
that the 
permanently lost activity 


phase 


ways showed catalysts 


C. EXPERIMENTAL DETERMINATION OF THE 
EQUILIBRIUM CONSTANT FOR THE 
REVERSE REACTION 

When it 
velocity 
catalysts, Figure 7, 
the ethylene conversion leveled off be 


the 
$iO,-gel 


some 


obser ved in 
WO, 


that in 


was space 


series with 


cases 


low the calculated equilibrium, dehydra 
tion runs were carried out with alcohol 
over the same catalyst to check the equi- 
librium from the other side. One hun 
dred per cent ethanol with nitrogen as 
a carrier was passed over catalyst 29K 
at 550° F, 1050 Ib 
pressure and space velocities varying 
trom 1600 down to 70 hr.~! The results, 
viven in Table 4 and Figure 1, check 
(1) No detectable 
quantity of ethylene polymer was formed 
in these runs. The results are interest 
kinetically, for Table 4 shows that 
quantities of ethyl ether 
velocities, 


at about sq.in. total 


J quation closely 


ng 
large formed 


at the higher though 


space 
none remained in the exit stream at low 
pace velocitic Apparently ether is at 
intermediate unstable product in the r 
which is probably second 


verse reaction 


order rather than first order. This find 
ing contrasts with that of Sliepcevich 
(16) 


negligible amount 


who found = only 


of ether 


and Brown 
when deliy 


di iting butanol-1 


Kinetics of Hydration of Ethylene 
Over WO,-SiO.-gel Catalysts 


he experimental procedurs wa 


planned to establish the rate equation 
from integral conversion data at 
tially isothermal conditions over WO, 
SiO.-gel catalyst No. 29 
of each reactant was varied from 50 to 
1000 Ib./sq.in. at four temperatures uy 
to 580° F, temperatures and fu 
were 


esse 


The fugacity 


Low 


gacities chosen, so that polymer 

formation would not be significant 
Figure 8 shows that neither reactant 

is adsorbed preferentially to the other, 


since the reaction rate increases in like 


* Actually, initial reaction rate r, should be 


employed in this plot. However, the same con- 
clusions can be drawn from the average rate, 
or the conversion, as plotted in Figure 6. Ap 
parently, one of the reactants does not dissociate 
before reacting because Figure 8 is the same 
for both reactants and because Figure 6 does 
not show a decrease in conversion after the 


first high volue 
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fashion when the fugacity of either re- 
increased while the other is 
constant. This fact and the S-shaped 
curves* of Figure 6 (20) suggest either 
of the following (1) 
both reactants are equally and slightly 
adsorbed, with no retardation by prod 
ucts, or (2) both reactants are equally 


actant 1s 


two Situations: 


and moderately adsorbed, with retarda- 


tion by product adsorptior 


1) SURFACE REACTION ASSUMED 
CONTROLLING 

The 
integrate the corresponding 
(10) and (12), with suitable simplify 
the extent of the 
The reaction rate r is related 


first step im the analysis was to 


Equations 
ing assumptions, ovet 
reaction. 
to the fugacity f, of the ethanol by the 
material rdlWV = FdNp, which 
approximately = F (Np/f pr) pina Ife. Sep- 
results in 


balance 


arating the variables 


(1) SiO, CATALYST No 29 
A-O— 1515 psi, 560°F 
Ba 10i5psi, 520°F 
C+ 415psi, 550°F 
Do— 250psi, 550°F 


Coiculated 
Equilibrium 
Yreids 


(2) AlgO, CATALYST No.I5B 
ED 1515ps:, 625°F 


r ' 
+ +eee 
+ +444 
t+ +444 
+444 
> ++ 


+ 


} 
; 
; 
; 
; 
+ 


errr 


++ 
++ 
++ 
++ 
++ 





Equation (16) is integrated by sub 
stituting + (10) and 
holding f, and f, constant at their aver 
age values, f4, and fp, since they do not 


from Equation 


change much during a run. Also, fpK pz 
is neglected because fp is small com 
pared with f, and fg, and Kp would be 
expected to be small compared with Ky, 
and Ky. Finally, K4 and Kp, are taken 
is equal from Figure 8 The integra 
tion vield 


WEZ fps 
FNy sKy(1/Ky + faa + fr. 


) (17) 


Equation (17) can be simplified by 


letting 


2.3 logyo(1 — fry/Kyfackae) (18) 


and re arranging to 


ers) 


(J ia } Ba) 


WT pol 
FN aK yl 


(19) 


Fig. 7 
on. ethanol 
SiO, 
corrected to 
ratio ! 


Effect of space velocity 
yield over WO, 

end WO,—AI,O, catalysts 
H.O/C.H, mole 





1000 
SPACE VELOCITY (hours’) 


nm 
° 


n 


Fig. 8. Effect on reaction rate 
over WO,-— SiO, catalyst 29 of 
varying the fugacity of either 
reactant, independently. 
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first 
it can be 


Since all the quantities in the 
known 
Jaq) tor runs at 


If a substantially 


square root term are 
plotted against (f,, 
the same temperature 
a possible 
and Z can 
and K, 


straight 


straight line results, this is 


mechanism for the reaction, 
from. the slope 


best 


be determined 
trom the intercept of the 


line through the points 


(2) ADSORPTION OF PRODUCT CONTROLLING 


' 
[he same assumptions were made 


here as in the precedi g case, except that 


4 


Ay was not neglected. The final form 


of the expression 1 


f i f 


| Aa Ba! Ke (Kyef aah na) 


fell - 
(fe ') (20) 
FN py 


All of the 
side can be evaluated except Z,». If this 
K ‘> K p and Zp 


Irom any 


quantities on the right-hand 


THie* hanism is obeved 


can be computed group ol 


three runs at constant temperature by 
from 


method of 


solution, o1 more 


least 


simultaneou 
than three by the 


squares 


Reaction Mechanism and Rate Constants 


ihe two rate equations were quant 


tatively evaluated by means of the ex 


perimental results at 550° F. To get 


their best values, the constants in each 
equation were determined by the method 

Che better equation tor 
established as that for 
of the de 


squares and 


ot least square 
the data was 


which the sum of the quares 


least 
the actual values of (faa t+faq) is less, 


of the rate and 


viations between the 
provided that the value 
equilibrium constants are reasonable 


In Table 5 are listed the values re 


juired in evaluating the product adsorp 
tron control mechan m at 550 }: The 


oft the constants in 
iound to be 
0.00128 ind 
which tends to 


out thi rechanism 


ost probable valu 
ror (20 were 
0.00213. K p 
ORS] 
immediately 


The 


Was com 


tnrow 


negative 


signs 





Table 7.—Least Squares Valves of the Ad- 
sorption Equilibrium and Rate Constants 
for the Direct Hydration of Ethylene. 
Surface Reaction Assumed Controlling 
and Adsorption Equilibrium Constants of 
Ethylene and of Steam Assumed Equal 


Temperature K, and K Zz 


F 


508 
520 
550 
580 


100 


1.56 

0.889 
0.208 
0.114 


100 


0.430 
0.665 
172 
2.33 





Table 5.—Rate Data for WO.-SiO, Catalysts in Terms of Product Adsorption Controlling 


Run 
No 


259 
208 
263 
199 
262 
231 
247 
248 
249 
241 
244 
228 
245 
238 
237 
251 
240 
229 
235 
233 


Catalyst 
No 


291 
29K 
291 
29K 
291 
29K 
291 
291 
291 
29K 
291 
29K 
291 
29K 
29K 
291 
29K 
29K 
29K 
29K 


f 


4a 


Ib. /sq.in. Ib./sq.in. tb./sq.in. he 


475 
660 
435 
520 
555 
495 
195 
195 
170 
259 
276 
278 
195 
217 
255 
195 
214 

95 

52 

43 


f 


830 
585 
470 
370 
315 
185 
475 
480 
410 
222 
200 
198 
187 
164 
124 
95 
27 
181 
169 
179 


36.6 
29.3 
25.4 
20.8 
17.7 
11.5 
13.2 
12.9 
10.2 
6.40 
8.10 
8.00 
5.73 
3.56 
2.87 
2.85 
0.48 
2.32 
0.99 
0.89 


S 


(Equation 20) at 550° F. 


LS 
10 


3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 
3.57 


f 


so + Fae 
Ib. / sq.in 


1305 
1245 
905 
890 
870 
680 
680 
675 
580 
480 
475 
475 
380 
380 
380 
290 
240 
275 
220 
220 





Table 6.—Rate Data for WO.-SiO, Catalysts in Terms of Surface Reaction Controlling 


(Equation 19) 


A. Rate equation parameters at 580° F. 


196 
195 
171 
167 
165 
159 
198 
197 
207 


B. Rate equation parameters at 550 


259 
208 
263 
199 
262 
231 
247 
248 
249 
241 
244 
228 
245 
238 
237 
251 
240 
229 
235 
233 


Catalyst 


No 


29K 
29) 
29K 
294 
29J 
294 
294 
29K 
29) 
29K 


291 
29K 
291 
29K 
291 
29K 
291 
291 
291 
29K 
291 
29K 
291 
29K 
29K 
291 
29K 
29K 
29K 
29K 


f 


f 


f 


tb. /9q.in. Ib./sq.in. Ib./sq.ir 


720 
660 
650 
640 
630 
585 
630 
545 
460 
246 


475 
660 
435 
520 
555 
495 
195 
195 
170 
259 


905 
610 
630 
640 
650 
715 
660 
345 
445 
238 


830 
585 
470 
370 
315 
185 
475 
480 
410 
222 


C. Rate equotion porometers ot 


172 
213 
260 
216 
202 


D. Rate equation parameters at 508 


201 
264 
204 
265 
267 


29) 
29K 
29K 
29K 
29K 


29K 
291 
29K 
291 
291 


480 
455 
320 
340 
262 


320 
400 
195 
235 
102 


800 
420 
580 
560 
219 


580 
480 
285 
245 
107 


43.0 
29.5 
32.0 
30.3 
31.0 
249 
30.4 
14.6 
14.4 

6.6 


F 


36.0 
29.3 
25.4 
20.8 
17.7 


4.75 
475 
4.75 
4.75 
475 


wi, £ 


fy.) FN» KU)" 


sq.in 


1625 
1270 
1280 
1280 
1280 
1300 
1290 

890 

905 

485 


10° 





Chemical 


Engineering Progress 


Page 393 





The value of (2D?) /n was obtained as 
50,600 

In Table 6 the values used in evaluat 
ing the surface reaction control mechan 
ism for all of the temperatures and in 
Table 7 the least squares values of the 
D was computed at 


, 


(2D?) /n was 
value for this 


constants are given 
550° F. by 


| 
D K, t ( 
> haa f ba 


The value found for 
1,460. The much smaller 


ZW f nyl 
FN nypK yl 


£c) 


Fig. 9. Rate data correlation 
with the surface reaction equation. 


mechanism is particularly noteworthy in 
that only two instead of three assignable 
constants are available, K, and Kg, hav- 
ing been set equal. 

It is thus 
reaction controls 


evident that the surface 
the hydration of 
ethylene under these conditions. Added 
the good 
agreement shown in Figure 9 between 
this mechanism the data for the 
other temperatures 

The apparent energy of activation, E* 
in the Arrhenius equation: 


corroborative evidence is 


and 


Z = A®e—8*/kt (23) 














ie 200 04 08 
4 
(Wt n, EPNa,KUF (10) 





[> oe. « 


(K, x 102) 


Adsorption Equilibrium Constant 


+ 





























(Z x 102) 
rl l 














Overall Rate Constant 


Fig. 10. Effect of tem- 
perature on the over-all 
rate constant and the ad- 
sorption equilibrium con- 
stant for the surface 
reaction. 














| 





i 
1.00 
(‘47° RANKINE) x 10° 


0.98 


1.02 
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was obtained by the plot of Figure 10 
An 
approximately 30 k cal./g 
tained from the slope of the best straight 
line. The equilibrium adsorption con- 
stants are also shown in Figure 10 for 


apparent energy of activation of 


mole was ob- 


comparison. 


Precision of Kinetic Results 


When Equation (19) is rewritten in 
the form 


l 
(f a T } ta )= T ~ / \ pK yl 
Z ( ‘ I K 2 ) ! 


Wf pF : 
(24) 


and the probable error of (f4q+/ pa) 
at +2%, of FNp, at +3%, of E at 
+2%, of fey at +4%, and of U at 
+2% is estimated, the maximum likely 
estimated to be 2X 2+3+4 2 
15%. The probable error is 


error is 
+4+2 
considerably smaller, as suggested in 
Figure 9 by the 


among the points 


mutual agreement 


Discussion of Results 


Apparently very specific catalysts are 
required for the efficient hydration of 
ethylene in the vapor phase, for only 
WO,—Si0,-gel from the 
heteropolyacids produced ethanol in 


prepared 


such quantities as to be of commercial 
interest. Ethylene conversions as high 
as 7.8% (half of equilibrium) were ob 
tained at roughly optimum conditions of 
1—1 mole ratio, 583° F., and 2,000 
Ib./sq.in. (run 210). The activity of 
WO,—SiQ.-gel catalyst is seen to be 
affected by activation temperature and 
its perlormance tnpa red by formation 
The loss in activity 
is attributed to 
that 
e has taken place in the catalyst 


of liquid phase 
above 800° F. 


and 


intering 


indicates some fundamental 
chat i’ 

This decreased activity above 800° F. 
is particularly because it 


limits the range of conditions 


Significant 
that may 
catalysts for 
D ge (14) 

Steam to 
10 over his 


be employed with these 
the hydration of ethylene 
the se (ot 


ethylene ratios as great a 


recommended 


alumina catalysts to decrease 
and high 
Such 
h gher temperatures 
and 
and unnecessary with the best WO, 


polyme ri 


zation, pressures to increase 


conversion high ratios require 

however, to avoid 
condensation, seem uneconomical 
5iO.g-gel catalysts. 

The 
analyzing the results obtained with the 
standard catalyst 29J-M did not include 
any diffusional good 
correlation of these results by the sim- 


rate mechanisms assumed in 


resistance. The 


ple mechanism of surface reaction con 
trol is that d:ffusion 
both inside and outside the particles was 
Furthermore, preliminary 


strong evidence 


not a factor. 


August, 1954 





runs with the same space velocity, cata 
and other condi- 
bed 


yielde d 


lyst, bed cCTOSS sectior 
threefold change in 


refore total 


tions, but a 
depth 
the 


evidence that 


and the flow, 


same conversior This is direct 


was no signihcant 


the 


diffusional resistance 
ticles 

It is of interest to note, 
140, 


support, 


outside par- 
however, that 


run with fine pored desiccant gel 

143, with the 
mediate density gel, yielded at identical 
the the 


same volume of catalyst rather than for 


as a and inter 


conditions ame conversion tor 


the same we'ght. This might be inter- 
preted to indicate that diffusion into the 
Additional 


would 


pores ts an important tactor. 
with larger 


have clarified the point. Other explana- 
dif- 


runs particle sizes 


tions are possible, however, such as 
ferences in the specific activity per unit 


j 


irea or in the tacility of impregnation 


of the support. ‘Ihus it is believed that 
Equation (19) with Table 7 and Figure 
1 will correctly give the hydration rate 
for at | laiger and all 
particles of catalyst 29J-M. 
rep rted high 
MoO,—SiQO, cata- 
lysts from phosphomolybdic acid, they 


T he ac 


been 


ast somewhat 

smaller 
Although 

yield 


banner 


ethanol over 


were inactive in these studies. 


tivity o catalysts may have 


due cn ola larger per 


centage of Hi,PU,, for phosphoric acid 
as been rep rted to be 
The ratio of H,gPO, 


Tanner's catalyst 


alone on SiO, 


an active ca yst 
to MoO, 


and only U.l im the present ones, Con 


sequently, it is not definitely known 


whetl hneteropotya ds as a group 


len-containing acids 

catalyst tor the hydra 

might be settled 

er than W and Mo 
netcrop lyac 1s 

t t the ad orption 

reactants 

velocity 

1 ng tempera 


brought about the 


creas temper 
em reaction rate 
ictivation, whereas 


tures the reaction is 
adsorption 
W atson 
when 
the 


a supported nickel cata 


ecreased 

or the cacta ugen and 
(10) observes phenomenon 
hydroget iting imooctenes in 
behavior was reported 
hite (2) am the 
kel catalyst 


| for the apparent 


methane 


" hould be re garded 


approximation, for it was obtained 


with the assumption that neither it nor 
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the activity of the catalyst varied with 


' 


vt all the points 


stra rht 


temperature 
in Figure 9 to lie line 


could be due to this 
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Notation 


A* frequency factor in Arrhenius 
equation 

average value, subscript 

HO 

C.H, 

surface molal concentrations of 
A, B and R respectively, moles 
per unit catalyst mass 

number of vacant mola! active 
sites per unit catalyst mass 

deviation of an observation from 
the equation 

catalyst fouling factor 

apparent energy of activation 


fugacity in Ib./sq.in. (os subscript 
to f, and N, refers to outlet 
ethanol) 

total feed rate at inlet, g. moles 


hr. 
gos phase 
surface reaction velocity constant 
adsorption equilibrium constants 
of components A, B and R re 
spectively 
reaction equilibrium con 
KK /K LK, 


surface 
stant 
thermodynamic equilibrium con- 


m/ (feo, X fay) 


stant, fe. » 

number of molal active sites per 
unit catalyst mass 

number of observations 

gram moles of ethanol formed/g 
mole of total feed 

total pressure, tb./sq.in 


partial pressure of components 


A, 8 and R respectively 

C HOH 

C.H,/H.O mole ratio 

net rate ot reaction, moles &/hr 
g. catalyst 

rate of forward bimoleculer sur 
face reaction 

rate of reverse monomolecular 

surface reaction 


S.1.P. of 
catalyst/hr. 


space velocity, cc. at 


total feed/cc. 


hr.’ 
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octive sites per 


number of dual 


catalyst site 


bsolute temperoture 


Gne 
Inj 1 - 
Kb saline 
mass of catalyst, g 


over-oll rate constant for surface 


reaction ksl 
over-all rate constant for adsorp 


tion of A controlling kt 


over-all rate constant for adsorp 


tion of R controlling kt 


standerd free energy change 


cal./g.mole 
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Solvent Extraction of Urany! Nitrate 
with Tributyl Phosphate 
in a 3-in.-diam. Pulse Column 


pulse column variables 


Hanford Atomic Products Operation, General Electric Company, Richland, Washington 


G. Sege and F. W. Woodfield 


or TueEs 
FOR mTERF ace wtasvetetet 


The general performance characteristics of sieve-plate liquid-liquid extraction 

columns in which the contents are pulsed through the plates are illustrated with 

data on the solvent extraction of uranyl nitrate with tributyl phosphate in a 
3-in.-diam. pulse column. Effects of operating conditions and sieve-plate section 

design on solvent-extraction effectiveness and capacity are discussed, and the 
application of the data to columns of larger diameter is indicated. For chemical 

systems reported a sieve-plate section design termed a “standard cartridge,” 
composed of stainless-steel plates spaced 2 in. apart and perforated with ‘-in. 

holes to yield 23% free area, has been found a useful compromise between the 

conflicting objectives of high throughput capacity and near-optimum extraction 
effectiveness. With such a column design, extraction effectiveness generally im- Pease 
proves as either the pulse amplitude or frequency is increased, optimum ecros 
performance typically occurring slightly below an amplitude-frequency product : 
which results in flooding the column because of excessive emulsification. The height 

of a transfer unit or height equivalent to a theoretical stage for pulse columns 

operating at near-optimum conditions frequently is approximately one third as | ra onart 
high @s for a conventional packed extraction column. Throughput capacities of 

the two types of contactors are comparable 
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Fig. 1. Schematic sketch of pulse columr 


ited by numeral ystems in which the pulse transmission through the light-phase influ 
diluted with « 
under 10 


i lighter-thar 


perforated-plate column ! 
cribed by Van Dijck (/ Py 
ind perhap irst uranium icle 


\ pulsed 
tetrachlor The interface 
ind those 
hydrocat 
diluent tor the TBI 
than 10 lex 
those 


originally ce irbon ent line was sometimes employed 


applied to beat ing number level was controlled at will above or below the 


eparatior by ¢ (,;root offers al in which water plate section by air-bubbler-type differential 


moportant ottet more than twofold bon is emploved a pressure instruments controlling ao Hammel-Dah! 


eduction m colunu heiht trom the being numbered highet air-operated flow-contro!l valve on the heovy 
£ Pp 


wight needed 


packed column. In 


with a conventional traction-column systems (14 phase effluent line 

A schematic sketch of a oulse column is pre 
The 
plate designs employed in connection with the 
in Table 2 
venient reference the several designs are identi 


fied by 


subscripts used to indicate construction materials 


uch a column an up which the uranium extracted from 


ind-down pulsing motion superim wqueou nto orgamic phase sented as Figure 1 vorious perforated 


posed on the net countercurrent flow of — designate by odd number with 


the liquid pha n through a seri ot next higher even number used to desig illustrative data are listed For con 


tationary, spaced horizontal perforated nate the associated tripping-column 


plates ystem (in which the uranium ts strip capital-letter symbols, with numerical 


his article deals with ped back into ar 


ences concerning the performance chat 


veneral miter 


other than stainless steel. The perforated plotes 


icterist of pulsed perforated plate were held apart in the column by tubular 


EQUIPMENT 


columns drawn from experimental run 
made at Hanford. The 
ion is illustrated with data on the 


general discu 
soly 
nitrate witl 


extraction of uranyl 


tributyl phosphate 


ent 


SYSTEMS STUDIED 


Phe chemical 
pulse-column studies from which the il 


systems employed in the 


lustrative data are drawn (listed in 
lable 1) represent a variety of counter 
current liquid-liquid extraction systems 
employing tributyl phosphate (TBP) as 
a solvent for uranyl nitrate. For con 


venient reference the systems are desig 
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A Jin.-diam. glass pulse column wos used 
with a perforated-plate section height of ap 
proximately 9 ft. (except where otherwise noted 
The plote-free column end sections were 3 to 4 
to 6 


several minutes of effluent stream 


in. in diam. and of sufficient length (1 
ft.) to allow 
holdup time for phase disengagement. A pulse 
of variable amplitude and frequency with a 
sinusoidal displacement-vs.-time characteristic 
was applied by means of reciprocating stainless 
The 


pulse was usually transmitted from the pulse 


steel bellows or a reciprocating piston 


generator to the column contents through oa 


separate pipeline filled with stagnant liquid 


(usually the heavy-phase process solution), but 
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usually %-in. O.D.) stainless-steel spacers strung 


on an axial stainless-steel rod 


General Performance Characteristics 
of Pulse Columns 


Three 


sion behavior 


distinct types ot phase disper 


have been observed if 


columns as a function of the 


throughput rate and the pulsing condi 


pulse 


tions (Irequency at any given pulse in 


plituacle is indicated in Figure 2 


MIXER-SETTLER-TYPE OPERATION 


Che 


(Figure 3) 


settler 


occurring at 


mixer type operation 


low through 
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System 
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Table 1.—Chemical Flow Sheets 


Diluent 


Hydrocarbon* 


Hydrocarbon* 


Hydrocarbon* 


Hydrocarbon * 


Vol 
° 


Direc 
° tion of 
TBP U transfer 
30 Aqueous 
to 
organic 
Organic 
to 
oqueous 


A~O 


Aqueous 
influent’ 
0.8 UO.(NO, 
2.4 HNO 
Sp.gr. 1.35 
0.03 HNO 
Sp.gr. 1.0 


0.001 UO.(NO 
5.5 HNO, 
Sp.gr. 1.2 
0.03 HNO 
Sp.gr. 1.0 


0.02 UO,(NO 

4 HNO, 

1.3 metal nitrates 
Sp.gr. 1.3 

0.03 HNO 

Sp.gr. 1.0 


0.8 VO.(.NO 
2.4 HNO, 
Sp.gr. 1.35 
0.3 HNO 
Sp.gr. 1.0 


0.18 UO..NO 
3.3 No salts 
2.6 HNO 
Sp.gr. 1.3 
0.01 HNO 
Sp.gr 1.0 


* Shell Deodorized Spray Bose, a refined kerosene-type hydrocarbon 
approximately 0.8. 
Solute concentrations are given os molarities 


Organic 
influent’ 


Sp.gr 14 


0.4 UO.(NO,) 
0.2 HNO, 
Sp.gr. 1.5 
Sp.gr 14 


0.005 UO.(NO, 
0.03 HNO, 
Sp.gr. 1.4 
Sp.gr. 1.5 


0.04 UO.(NO 
0.2 HNO, 
Sp.gr. 1.5 
Sp.gr. 0.84 


0.4 UO.(NO 
0.2 HNO, 
Sp.gr 0.97 
Sp.gr. 0.8) 


0.11 VO..NO 
0.1 HNO 
Sp.gr. 0.85 


with a specific gravity o 





Fig. 3. Mixer-settier-type operation 


phase dis 


persion variation in the course of a pulse cycle 


MAMRRK 
MRRRAR, 


phase 


plates and column wall 
Uniform gray and 


heavy phose 


‘ light 
solid black areas, 


Quiescent portion 


of pulse cycle 


ij 
; 
} 
j 
i= 





Cartridge 
8 
Cc 
E 
E 
E 
F 
G 
J 
x 


t 


Table 2.—Perforated-plate Cartridges 


Hole diom., 


mn 


0.1875 
0.125 
0.125 
0.125 
0.125 
0.125 
0.06 
0.125 
0.125 
0.125 


Perforated 


Plate spacing 


crea, % in 


23 
10 
23 
23 
23 
40 
21 
23 
23 
23 


nN 


WeNNNNH ND 
ce 


a 


Material 
Stainless steel 
Stainless steel 
Stainless steel 
Fluorothene 
Dual * 
Stainless 
Stainless 
Stainless 
Stainless 
Stainless 


stee! 
steel 
stee! 
steel 
steel 


* Stainless steel with one side coated with Kel-F NW-25 paint (a polytrifiuoromonochlorethylene 


dispersion). Coated side oriented up with heavier-thon-water (CCI, 


water (hydrocarbon) diluent 


diluent, down with lighter-than 
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COMPLETE PULSEO V 


COMPLETE FLOODING 
ove TO 
EMULSIFICATION 


EMULSION - TYPE 


v* VOLUME VELOCITY, 


GAL./(HR (SO. FT.), SUM OF BOTH PHASES 


MIKER~SETTLER- 
TYPE OPERATION 














f* FREQUENCY, CYCLES / win 





Fig. 2. Three types of pulse column operation 
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SIs t6t at 


e f'G Het: 
lester 


Quiescent 


the 
highly 


compared with 


ion condition operation ot 


pul e column 1 table but rel 
inethcient 


tion of the same column under emulsior 


opera 


tively 


type conditior 


EMULSION.-TYPE OPERATION 


er throughput rate 


The 


occurring at hig! 


emulsion-type gure 


+) 
and characterized by 


16 iw 


Irequem i¢ ] 
mall drop size (typically about 1] 
or less in diam.) and fairly uniform di 


persion of the discontinuous phase 


in ase d per or the 


little change 
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course of the pulse cycle. The intimate 
interphase contact (high interfacial con- 
tact area per unit volume) renders this 
the most efficient type of operation. 


’ 


| fel 
(4A 


YY 


LOLS 


Fig. 4. Emulsion-type operation. Z252%%, plates 
end column wall ///, continuous phase. 


, dispersed phase. 


UNSTABLE OPERATION 

Unstable (Figure 5), oc- 
curring at still higher throughput rates 
and characterized by 
mixtures of fine and coarse dispersed 
phase drops, formation of large, irregu 
lar-shaped globs of dispersed phase by 
coalescence, and periodic reversals of 
the continuous phase in short sections 


operation 


frequencies, is 


of column (cyclic local flooding). The 
efficiency of the column in the unstable 
region is generally poorer 
emulsion-type 


operating 
than in 
often fluctuates widely. 

As the throughput rate or the fre 
quency is increased still further, beyond 


operation and 


the unstable region, complete flooding 


eventually results. This is defined as 
the exit of one of the entering streams 
through the effluent line intended for the 
other phase. 

The changes in phase-dispersion be- 
fre- 


havior changes in 


quency or throughput rate involve grad- 


accompanying 


ual blending of one type of operation 
into another, rather than abrupt transi 
tions. 


MS pda 
Oe 


Sy aaa as 
‘ YOO 


DORAN 
ex 


Fig. 5. Coaesxence characteristic of unstable 


operation. Jktvxux. plates ond column wall. 


i /, continuous phase. Pe dispersed 
phase. Irregular gray masses also indicate dis 
persed phase 


Main Factors Affecting Performance 

Apart from the properties of the 
liquid-liquid’ system, the main factors 
affecting pulse-column pertormance may 
be grouped as follows: 


Page 398 


(a) Pulse amplitude, frequency, and through- 
put rate; (b) phase flow ratio, choice of continu- 
ous phase, and plate wetting characteristics; 
(c) plate geometry [hole size, plate spacing, per- 
centage of free (perforated) area, plate-to-wall 
diffusing-component concentra- 
At first glance a 


clearance}; (d) 
tion; (e) column diameter. 
methodical study of the dozen variables listed 
above (making only three runs for each var- 
jable in turn, with all others held constant) 
would appear to require 3” or approximately 
530,000 runs. However, some general inferences 
can be made from the results of the experiments 
reported. 

Preliminary scouting runs _ served 
rather rapidly to converge the interest 
in plate geometries toward a “standard” 
(cartridge £), 
to be a practical compromise giving 
near-optimum all-around 
on a number of chemical systems tried 
Although the effects of many of the fore 
going variables have been only scouted 
rather than methodically studied, in 


some cases more than one variable hav 


geometry which appears 


performance 


ing been changed simultaneously, con 
clusions from the over-all program are 
believed to be of sufficient general in 
terest for presentation at this time. 


EFFECTS OF PULSE AMPLITUDE 
AND FREQUENCY 

As indicated by Figure 2, the opera 
tion of a pulsed sieve-plate column is 
markedly different from that of a packed 
column, in that no measurable counter 
current flow can be obtained in a pulse 
column (with the sieve-plate designs 
normally chosen) unless the column con- 
tents are pulsed. At low frequencies the 
capacity of the column is equal to the 
pulsed volume velocity * and thus in- 
creases in proportion to the arithmetic 
product of the amplitude and the tre- 
f, or, at constant amplitude, 
As the 


frequency increases further, the flooding 


quency, a » 
in proportion to the frequency, f. 
capacity becomes increasingly lower 
than the pulsed volume velocity. Aftet 
passing through a maximum the flood 
ing capacity decreases with further in- 
creases in the frequency (or amplitude 
frequency product) until above a limit 
ing product 


countercurrent flow through the column 


amplitude-trequency no 
is possible. Figure 6 is a group of plots 
ot experimental the 
relation between the flooding volume ve- 
the amplitude-frequency 


data illustrating 


locity and 
product. 


*The pulsed volume velocity is defined in 
units such as gallons pulsed/(hour) (squore foot 
of column cross section) and may be calculated 
by multiplying the pulse frequency (in cycles/ 
hour) by the pulse displacement in gallons (em- 
ploying the sum of the “up” plus “down” dis- 
placements) and then dividing by the column 
cross section in square feet. The pulsed volume 
velocity is directly proportional to both the pulse 
amplitude and the frequency. 
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characteristics, cartridge E, 
A. system 1, a 
, system 1, o 


Fig. 6. Flooding 
aqueous phase continuous. 
0.5. , system 1, ao = 1.0. 
1.5. @. system 2, a 0.5. ©, system 2, 
o 1.0. ©, system 5, a 0.05 to 0.1. C7, 
system 5, a = 0.85 to 1.25. *-, column ope 
rated without flooding at indicated conditions 


In some cases stable emulsion-type 
operation is observed at amplitude-fre 
quency products (af) and volume veloci 
ties (/’) quite close (within 10 to 15% 
or less) to the complete flooding thresh 
old. Such was the case with the CCl, 
diluent systems and stainless-steel per 
forated-plate cartridge on which Figure 
6 is based. In other instances unstable 
operation occurs over a wide range of 
throughputs and pulse 
complete flooding is approached. 


conditions as 
Thus 
Figure 7, representing data on a plastic 
perforated-plate cartridge used in 


system 2, 


con 


junction with process indi 
cates cyclic local flooding thresholds oc 
currmg at about half the complete flood 


ing volume velocities. 








3000 




















Fig. 7. Complete and local flooding characteris- 
tics of system 2 with perforated-plate cartridge 
E,. Organic phase continuous. C’, complete flood- 
ing, ao = 1.0. C, complete flooding, a 0.5, 
L’, cyclic local flooding, a = 1.0. L, cyclic local 
flooding, o = 0.5. 
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Within the region of stable operation, 
H.T.U. values generally 
sharply (often over threefold) with in- 
creasing amplitude-frequency products 
as a function of the gradual transition 
from mixer-settler-type to increasingly 
intimate emulsion-type phase dispersion. 
On the threshold of unstable operation 


de crease 









































J 








Fig. 8. H.T.U. as a function of amplitude * fre 
quency for CCl,-diluent systems, with perforated 
plate cartridge E. Aqueous phase continuous, 

, system 1, V 1200, a 0.9 to 1.4. . 
system 1, V = 1200, a 0.5. @, system 2, 
v 600, a 1.0. @&, system 2, V 600, 
a 0.5. @©, system 2, V 1500, a 1.0 
D. system 2, V 1500, a 0.5 , system 
3, Vv 800, a 1.0. @, system 4, V 800, 
o 1.0. /\, system 5, V 400, a 0.8 to 
1.25 , system 5, V 400, a 0.4. A, sys 
tem 6, V 400, a 0.8 to 1.25. Authors ad 
vise above diagram should show ot 3.8 — 20; 
@ ot 2.1 50; at 0.7 — 50; @ at 1.0 70 

















oat 





Fig. 10. H.T.U. as a function of amplitude 
frequency for hydrocarbon-dilvent systems 
Aqueous phase continuous, except as noted. 
system 11, perforated-plate cartridge E, V 
900, oa 1.0. system 12, cartridge E,, 
V 1000, o 1.0. @, system 12, cartridge 
E,, organic phase continuous, V 1000, a 
1.0. -+, system 17, cartridge E, V 1500, 
a 0.5 to 1.0. X, system 17, cartridge E, V 
2000, a 0.5 to 1.0 , system 18, cartridge 
E, Vv 800, a 0.5 


there is sometimes a slight reversal of 
the trend to lower H.T.U. 


as a result of incipient 


values with 
mncreasing pulse 
coalescence of the dispersed phase. The 
shapes of the H.T.U.-vs.-amplitude 
frequency-product plots vary with the 
Most fre- 
quently the curves are convex down- 
Typical plots of H.T.U. as a 
amplitude-frequency 
8 to 10 
The amplitude-frequency product rep 


system and plate design 
ward. 
function of the 


product are presented in Figures 


resents a useful, simple means of corre 
lating the pulsing conditions with col 


umn performance. A more exact analy 


the data. however, indicates the 
need for two important additional con- 
One of these its that varia- 


etiects not 


sis of 


ider ator 
tion of the 
iccounted for by the correspond 


amplitude has 


1) 
Tully 


ing amplitude-frequency product varia 


tion Thus with a 2-in. plate spacing 


often used) an ap 


umplitude * is usually 


(the spacing most 
proximately l-in 
optimum yielding lower minimum 
HiT. 
paciti than a 
lightly H.T.U.’s and 
same capacity as a_ 1.5-in 
(Table 3 and Figures 6 
The 


the amplitude-frequency-product corre 
indicated by the quite general 


values and higher maximum ca 


0.5-in, amplitude and 
about the 


amplitude 


lowe T 
und 7 ) 


need for another refinement of 
lation is 
observation that flooding, good emul 
ion-type and the lowest 
H1.T.U, values occur at lower amplitude 
frequency products with a 0.5-in, ampli 
l-in. amplitude, (The 
Figure 6 and Table 3 illustrate 


correlator 


operation, 


tude than with a 
data im 
this trend.) <A 
tor these etiect 

of the form af" 
would have some value between 1 and 2 
ibout 1.5) and might 


more exact 
would be an expression 
where the exponent n 
(perhaps typically 
not be the 
all ranges of the amplitude 


same for all systems or for 

Since cor 
relations have not yet been developed 
which permit calculation of the value of 
(af) or (af") which will caus 
given operating 
flooding frequencies must be 
Once the (af) 
column to 


i given 
column to flood at any 
condition 
determined empirically 
product which causes the 
flood at 


determined, 


a given throughput rate has 


been experience indicates 


* Throughout this article the term amplitude 
is used to indicate the magnitude of the pulse 
contents from one 


movement of the column 


extreme position to the other, ie, twice the 


movement from the mean position to an extreme 














Fig. 9. H.T.U. as a function of amplitude  fre- 
quency for system 2 with various perforated- 
plate cartridges. cartridge £,, aqueous 
phase continuous, V 1000, a= 10. ©. 
cartridge €., organic continuous, V 1000, 
a 1.0. A, cartridge J, aqueous continuous, 
Vv 1000, a 1.0. , cartridge J, aqueous 
continuous, V 1000, a 0.5. & cartridge 
E,, organic continuous, V 500,0= 10. $, 
cartridge £,, organic continuous, V 500, 
e 0.5. 
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Table 3.—Effect of Pulse Amplitude on H.T.U. 


Perforated- 
plote 
cartridge 


Continuous 


System phase 


1 E Aqueous 


Aqueous 


Organic 


Approx. % 
of flooding H.T.U., 
frequency ft 


70 08 
90 0.7 
70 06 
70 0.7 
80 0.7 


95 
75 
80 
95 
75 


75 
90 
55 
75 
85 


75 
60 
75 
90 
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Fig. 12. H.T.U. as a function of the superficial 
volume velocity, V, at constant of product (solid 
curves) and at highest stable of for each V 
(dotted curves). Perforated-plate cartridge G 
Aqueous phose continuous. a 1. A, system 
1, af 5. @, system |, of 60 , systen 
2, af 60. {\, system 2, af 70 system 
2, af 80 , system 2, of 90 


that the (af) product which will result 
in near-optimum performance will lie 
somewhere in the range from 75 to 95% 
of the flooding (af). If local flooding 
occurs at a lower (af) than the (af) 
which produces complete flooding, opti 
mum extraction performance will gen 
erally be found at (af) values just be 
low those which cause local flooding. 
Data illustrating this effect of percent 
age of flooding frequency on H.T.l 
appear in Table 3 


EFFECTS OF THROUGHPUT RATE 


Pulse-column H.T.U. values are rela 
tively insensitive to variations in the 
throughput rate, provided that the ap 
plied pulse ensures good emulsion-type 
phase dispersion. Figure 11 is a plot of 
H.T.U. values against the throughput 


rate (expressed in the usual terms of 
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Fig. 11 
ficial volume velocity, V. 
ridge E. Aqueous phase continuous 
la 0.5, af 45 , system 1, a 
af 60. |, system 1, a 0.9 to 1.5, af 
50 to 60 system 1, ao 1.0, af 70 

, system 2, a 1.0, af 70. JA, system 2, 
a 1.0, of 80. X, system 5, a 0.85 to 
1.25, of 50. ®, system 6, a 0.8, af 65 
@. system 17, a 1.0, af 55 to 60. ©, 
system 17, a 1.0, af 70. A, system 18, 
a 1.0, af 50 
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Fig. 13. H.T.U. as a function of the aqueous-to 
organic phase flow ratio. System 2. Perforated- 
plate cartridge E. Aqueous phase continuous 

,a 0.9 to 1.0, af 50 to 80 2 
0.5, af 60 


the sum of the superticial volume veloci 
ties of the two phases) for a variety ot 
s systems at constant (or 


pulsing 


proces approxi 


mately constant) conditions 


These curves are generally convex 


downward and_= shallow, indicating 


H.T.U 


mum values over 


's closely approximating the opti 
a wide (often at least 
with 


fourfold) range of throughput 


rising H.T.U. values at high and low 
rates 
The 
H.T.U. 
usually be 
creasing the 
taking advantage of the higher flooding 
amplitude-frequency products at the low 
Phis is illustrated in 


(with 


increase in the constant-pulse 


values at low throughput rates 
circumvented by in 


amplitude 


may 
frequency o1 


throughput rates 


Figure 12, where system 1) in 
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the from 50 to 60 
at a volume velocity of 300 


the H.T.l 


creasing lrequency 


cycles /min 


gal./(hr.) (sq.ft reduced 
trom V0.9 to 0.6 tt 

No such expedient is available for 
flattening the H.T.U.-\ 


curve at the high-rate end 


throughput 
therefore i 
diameter decrease gained fr 1 colum1 


based 


rate must often be paid for 


design on a high superficial flow 
with in 
olumn height ot 
perfor! ( fewer 


units in the colu On the 


creased ( impaired 


olvent-extraction 
transfer 


ger diameter 


+ 


other hand, choosing the | 


column with the lower superficial flow 


rate will not i preferred 


ils 


(owing 


nece irily he 
ilternative because H values 
increase with colum: 


the “scale-up because 
diameter colw 
purcha ing a large 


generator 


pulse 
EFFECTS OF PHASE-FLOW RATIO, CHOICE OF 


CONTINUOUS PHASE, AND PLATE WETTING 
CHARACTERISTICS 


ne 


values continu 


ous-to-dispersed-ph low ratio, as il 


lustrated by onsequently 
the in 


mtact area 


this trend being attr d to 


crease im the interpl ist 
ed-phase relative flow 


is usually advantageous fron 
tandpoint 
maller flow 
the phase 
larger flo h idvantage 


creases, 
the 


to make the pl ise Wi he 


efttectivene 


extraction 
continuou ind to 
the 


mM 1 i fully ometimes coe 


with 
does 
not appear unless the pertorated 
selected 
etted by the 
preter 
rathe: 
continuous, phase, H.T.l 
This effect 
ervation of! 


plate material of construction 
each case is preferentially 
Witl 
the «i 


continuous phase 
entially wetted by 
than by the 


values are gene rally 


higher 


is confirmed by visual ob 


the dispersed phase under these 


conditions travels through the column 


large strean films, and 


in relatively 
blobs 
drops of fairly unife 


rather than dispersing as small 


rm size and rela 
tively much larger interfacial area 
Cypical H.T.l 


indicating the variation with the 
of the 


value nd capaciti 


choice 


continuous phase, (a) with 


aqueous - phase - wetted, stainless - steel 


periorated plates and (b) with organic 


wetted, fluorothene plastic plates, are 


ce mpared in Table 4. Higher capacitie 
are generally obtainable with stainless 
steel plates than with fluorothene on 
for the 

For process systems in which it is ad 


the aqueou 


systems studied 


disper ‘ 
the 
ganic-phase flow ratio is high), capaci 


vantageous to 


phase (i.e., when aqueous-to-or- 


ties at least as high as those of stainless 


steel plates and H.T.U. values as low as 
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Table 4.—Effects of Choice of Continuous Phase 


Approximate 


highest flooding V 


Perforated 
plate 

A/O cartridge 
0.5 E 
0.5 E 
1.75 E 
1.75 E 
1.75 E 


Organic 
phase 
continuous 

»1,200 

1,200 
>» 1,500 
1,300 
»2,000 


System 


Aqueous 
phase 
continuous 
2,000 14 

1,000 
3,000 1.0 
»2,000 
»2,000 


Approximate 
optimum H.T.U., ft 
Aqueous 

phase 


Organic 
phase 
continuous continuous 


Phase wetting 
plates 
Aqueous 
0.7 Organic 
Aqueous 
Organic 
Org. (heavy) phase 
top face; 
aqueous lower face 


09 
09 


wetting 





Table 5.—Effects of Plate Hole Size 


Perforated Hole 
plate size, 
cartridge in 
0.125 
0.060 
0.125 
0.060 
0.125 
0.060 
0.125 
0.060 
0.188 
0.125 


System 


owe eae WW NN — = 


-_-- 


Optimum H.T.U. 
Highest At '3 to ‘2 
flooding of flood At % of 
Vv flooding V 

2,000 0.7 
1,000 07 
3,000 1.0 
1,700 0.8 
1,700 

1,200 

1,800 

» 1,000 

2,000 

2,000 





Table 6.—Effects of Perforated Area 


Perforated 
plate 


System cartridge 


flooding 


Optimum H.T.U., ft 

At ‘4 to ‘2 

of flooding At % of 
Vv flooding V 
2,300 

3,000 

3,700 

1,400 

2,000 


Highest 


Ca. 2,000 





Table 7.—Effects of Plate Spacing 


Plate 
plate spacing 
cartridge in 


E 


Perforated 


System 


— 


NCA HWA —N 


Optimum H.T.U., ft 
At's to ‘4 At? 
of flooding 


Highest 
flooding 
Vv 

3,000 
2,000 
3,800 
3,000(est'd) 
3,000 
2,500 
2,500 
2,000 


of flooding 


fluorothene plates 


the use 


with 
attained by 
' plate s with one pla th 


those obtained 
may often be 
dual” plates 1 
(organic-wetted) and one stainless-st 
wetted) face (see example u 
The dual plate are 


toward the 


faqueou 
lable 4) 


ith ¢) 


ori nted 


iT plasti Tact orgatl 


ise inlet end of the column (1.¢., uy 
the heavy 


rvani 


EFFECTS OF PLATE GEOMETRY 


Design of the 


app 


perforated plates f 
generally involve 


cation 

e between the desiderata 

high capacity and low H.T.U. valu 
with 


wd TTL, both in 
‘ 


P ' ‘ pacing al 
‘ | i { il 


rcase 


tree (pertorat ) aren ot 


Pertorated-p! irtridge 


holes, 23 


with ail 


in. plate sy oftes 


icing, 


itistactory compromise 


conflicting tunctional require 

| ible .) 
pertormance 
ited plate hol ize 


tainle 


and 7 incline 
olumt 
perior iree 
ind plate spaci espectively 


parison show p to one-and-a 


mp 
twotold capacity 
geometry 
’ 
fourfold 


irtridg. 
mean diametrnu 
plat and the 
column from 0.015 
been found 


case 
little or no adver effect on 


With sy 
] to 0.5) 


to exert 
H.T.A 


evel with a oh (close 


value 


gravity difference between thx 
| 
ind 


phase clei itis 
um co entrations highest 


with the 

the c« " there wa 
the column 

clearance to 


wider cause 


EFFECTS OF DIFFUSING COMPONENT 
CONCENTRATION 


Height-of-transter-unit ilu 


generally higher at the dilute end ot 
column than at 


the 
j 


as indicated by (a) raftinat pha 


concent ited enc 





Table 8.—Effect of Plate-to-Wall! 
Clearance on H.T.U.* 


H.T.U. with AD 
H.T.U. with AD 


0125 


System 0.015) 


1 
2 
W 
18 


* Cartridge E, aqueous phase continuous 


Table 9.—Effect of Concentration 
on H.T.U.* 


H.T.U., ff 


Uinfeed U in feed! 





WithO.4M With0.04M™ 


* System 2, cartridge £, aqueous phase cor 
tinvous, V 1,500 
A/O 2.0 (othe 
1.7) 
+ it is thought thot with 
omplitude- frequency product 


data obtained at A’O 
the dilute feed oa 
hove 
phase dis 


higher may 
required to achieve optimum 
neor the feed point, 


the fineness of the 


been 


persion which in turn 
offected 


throughout the column 


phase dispersion 
This phenomenon may 
have magnified the apporent effect of dilution 


on H.T.U 
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Table 10.—Effect of Column Diameter on H.T.U.* 


H.T.U., ff. 


3-in. diam. 


2 


17 
17 
17 
17 


* Cartridge E, aqueous phase continuous, a 
' Interpolated. 


8-in. diam 


Remarks 


1,100, of = 


1,000, 
1,500, 


1,500, 
1,500, 
2,000, 


<< <<<< << << 





ples taken at intermediate points, (b) 
visual observation of the uranium-yel- 
low color gradient in a glass column, 
(c) over-all H.T.U. determinations with 
columns of different plate-section 
heights, and (d) H.T.U. determinations 
with varying diffusing-component 
(uranium) concentrations in the feed 
(Table 9). Aggravation of any chan- 
neling tendencies with increasing col- 
umn height is probably a contributing 
cause of the higher H.T.U.’s in taller 
columns. 


Application of Results to Columns of 
larger Diameter 


rhe limiting superficial volume ve- 
locities and limiting pulse amplitudes 
and frequencies for stable operation are 


not appreciably affected by scale-up of 
the column diameter from 3 to 8 in. The 


greater channeling tendency in the 
larger column, however, often results in 
a slight (though sometimes as much as 
about 50%) increase in H.T.U. values, 


Table 10. 


transition 


as indicated in 

Although from _ stable, 
emulsion-type to unstable operation oc 
curs at similar conditions in columns of 
different diameter, a column 
sometimes undergoes complete flooding 
more readily than a larger column. This 
is attributed to the fact that in a highly 
unstable operation a fist-size glob of 
coalesced dispersed phase, which fills the 
entire cross section of the 3-in. column, 
may there obstruct the countercurrent 


3-in. 


flow of the phases sufficiently to caus¢ 
a complete flood. In a much larger 
column a similar glob has ample room 
to channel past the oppositely flowing 
continuous phase. 

Occurrence and Prevention of Excessive 
Emulsification 


Excessive emulsification, which would 
result in unstable operation or flooding, 
may normally be prevented without im 
pairment of H.T.U. values by the proper 
selection of pulsing conditions and su 
perficial volume velocities for the chemi 
cal system and perforated-plate cart 
ridge design involved. However, in some 
cases special problems have 
been result of (a) 
surface-active impurities causing exces 
sive emulsification, (b) great differ 
ences in the ease of phase dispersion in 
different the column, and 
(c) excessive emulsion build-up at the 


unusual 
encountered as a 


portions ot 
interlace. 


Pulse Columns vs. Packed Columns 

The 
pulse columns over packed columis i 
the fact that for the extraction 
duty they can be made much shorter. 
Table 11 shows two- to threefold trans 
transter 


most important advantage of 


same 


fer-unit height reductions on 
from packed to pulse columris 

Additional advantages of pulse col 
umns are the less pronounced depend 


ence of H.T.U. values on superficial vol 





Table 11.—Comparison of Pulse and Packed Co.:uwmns 


H.T.U., ft 


Packed Pulse 


System 


17 2.5-3 1.0 
18 2.5-3 1.2 


column * column tf 


Flooding V 


Pulse 
column tf 


3,000 
2,000 


Packed 
column * 


2,000-3,000 
1,000-2,000 


* The higher and lower values are for 1- and \2-in. stainless-steel Raschig rings, respectively 


Cartridge E. 
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lie carey 


ume velocities anu the greater ease of a 
temporary shutdown and start-up with 
the property of no flow through the 
plates in the absence of pulsing 

Ihe need of a pulse generator, with 
its first cost and maintenance require- 
ments, is a disadvantage 

The study of pulsed perforated-plate 
columns is continuing. Pulsed columns 
with stainless-steel or plastic Raschig- 
ring packing in lieu of perforated plates 
have been found promising under some 
investigated 


conditions and 


further. 


are being 
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Notation 
a pulse amplitude, in. (The term ompli- 


tude as used here indicates the 
movement of the column contents 
between the two extreme positions 
of the pulse, i.e., twice the move- 
ment between one extreme and the 
mean position.) 

aqueous phase. 

aqueous-to-organic-phase volume flow 
ratio. 

column diameter, in. 

diametric clearance between perfo- 
rated plates and column wall, in 

pulse frequency, cycles/min. 

over-all 


height of a transfer unit, 


raffinate-film basis (i.e., over-all 


aqueousfilm basis for uranium 
transfer from the aqueous to the 
organic phase, as in systems 1, 3, 
5, 11, and 17) 


ganic-film basis for transfer from 


and over-all or- 


the organic to the aqueous phase, 
as in systems 2, 4, 6, 12, and 18) 
Calculated by procedures discussed 
in Reference (2) 

Oo organic phase. 

velocity, sum of 


v superficial volume 


both phases, gal./(hr.)(sq.ft. of col- 


umn cross section). 
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LIQUID-LIQUID EXTRACTION 





mixer settler 


the “pump-mix” mixer settler 


a new liquid-liquid extractor 


Knolls Atomic Power Laboratory 
Schenectady, New York 


B. V. Coplan, J. K. Davidson, and E. L. Zebroski 


The design and operating characteristics of a new type of mixer settler for liquid- 
liquid countercurrent extraction are described. Interface control is achieved 
without instrumentation, and the stage arrangement is compact and requires less 
height than does usual contacting equipment, an advantage for a cascade of 
contactors operating in series. 


Effects of impeller speed and blade arrangement on the mixing intensity, which in 
turn determines the stage efficiency, are shown. The capacity of the unit was 
found to be determined by the disengaging time and emulsion-forming character- 
istics of the system under test rather than by the pumping capacity of the impeller. 
High stage efficiencies were obtained over the entire flow range of the unit. 


With the system methyl isobutyl ketone-water—acetic acid, a run was made ex- 
tracting acetic acid from water into the ketone in an eight-stage pilot-plant unit. 
As calculated by the McCabe-Thiele method, the number of theoretical stages 
corresponded to an average stage efficiency of 95%. 


For mathematical data, order document 4336 
from A.D.1. Auxiliary Publications Photoduplico- 
tion Service, Library of Congress, Washington 
25, D. C., remitting $1.25 for 
$1.25 for photoprints 


microfilm or 


surface ered contactor the maximum mixing 


n a continuous liquid-liquid extraction 
| process the function of the contactor 
is to provide a large interfacial area for 
transfer between the two liquid 

The method for dispersing onc 
create thi 


mass 
phases 
phase within the other to 
area varies with the type of contactor 
In packed or sieve-plate columns, which 
may be considered nonpowered contac 
tors, the dispersion depends upon the 
degree of mixing created as 
flow countercurrently by density differ 
ence, with the packing or plates serving 


the phases 
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to create turbulence and phase 
area. This type of contactor has the dis 
advantage that the degree of dispersion 
is not an independent variable but de 
the ec 

flow 


pends, in addition to ntactor de 
upon the mass 
physical properties of the 
this 


powered contactors 


rate and 


sign, 
pha cs ls 
various 


overcome disadvantage, 


types of such as 
mixer settlers, pulse columns, and cen 


trifugal extractors, have been designed 


in which the degree of dispersion is con 


trolled. Usually in a mechanically pow 
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nece ity 


subsequent separation of the pha 


tensity is limited by the 


t 
violent dispersion may result in emulsi 


ettling, which limit 


ett 


fication and poor 


the capacity and ency of a multi 


Stave contactor 
Ihe ideal contactor re 
both assa 


maintait high 


quire mer 


mum investment for iated 


equipment and building 
efficiency over a wide range of operating 
conditions, has high capacity with low 


holdup, is reliable in with 


operation 
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simple controls and minimum mainte- 
nance requirements, and is flexible for 
process variations. 

This paper describes a type of 
mechanically powered the 
pump-mix mixer settler, which satisfies 
these requirements to a high degree. No 
attempt is made to describe the develop- 
ment program leading to the present 
design. This article is primarily a 
description of the mechanical details of 
the unit. 
are planned for future papers; 


new 
contactor, 


Extensive performance data 
however, 
ome data from the development studies 


HEAVY PHASE 
PORT 


LIGHT PHASE 
PORT 





MIXING 
SECTION 


IMPELLER 


HEAVY PHASE 
PORT 


Fig 


are included to illustrate effects 
peller blade 


upon etherency 


ot 
and baffle design 


im 
speed 


tage 


Mixer-settler-type liquid-liquid extractors have 
been in use since about 1904 (1). The earliest 
continuous counte-current mixer settler appears 


to be that of Barstow (1), 


pattern of the two phases is cocurrent through 


in which the flow 


each mixing and settling stage but countercur 
The devices of Van Dijck (2) and 


Cornish (3), which have many agitators on a 


rent over-all. 


common shaft with settling zones between agi 
tators, may be regarded as tilted columns be 
cause the flow is countercurrent through each 
mixing and settling stage as well os over-all 

(4) is to the 


The Holley extractor similar 
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Barstow device with the addition of a valve- 
controlled line that permits recirculation of the 


heavy phase from the settling section to the 


mixer 
developed about 1949 included a seporate ante- 
chamber for light and heavy inlets which, to- 
gether with antiswirl baffies in the mixing region, 
the transmission of turbulence and 
The fore- 
going device, like the Barstow and Holley ex- 


minimized 


back mixing to the settling sections. 


tractors, depends on gravity flow of both the 


light and heavy phases. As the number of 
stages is increased, the total change in liquid- 


liquid interface level from one end of the unit 


~ 


IMPELLER CHIMNEY 


SETTLING 
SECTIONS 


BAFFLES 





A modification of the Barstow device 


The 
extractor of Mensing (7) is similar in that the 


the height of the interface in each stage. 


inlet light- and heavy-phase streams are fed to 
the intake of an impeller (a screw propeller in 
the case of the Mensing device) which produces 
a@ net pumping action. The level of the interface 
in the Mensing device is controlled by an ad 
justable weir on the heavy-phase outlet from 
each stage, a device that also provides some 
The 
Gordon-Zeigler and Mensing extractors do not 


recirculation of mixed phases to the mixer. 


require tilting but require interface controllers 


for systems with large density changes from 


stage to stage due to transfer of solute 


1. Pump-mix mixer settler showing adjacent stages 


to the other becomes quite large and requires 
that the individual stages be made sufficiently 
deep [for example, 42 in. for eight stages in 
one instance (1)| or else that provision be made 
for tilting the entire array. Deep stages are 
sometimes undesirable because of the greater 
ratio of holdup to throughput. Tilting is me- 
chanicully inconvenient and may require con- 
tinuous adjustment as density gradients vary. 

The Edleanu extractor (5) consists of a cascade 
of mixing and settling vessels with valve-con 
trolled gravity flow of the heavy phase and 
interstage pumps for the transfer of the light 
phase 

The extractor of Gordon and Zeigler (6) uses 
a shrouded impeller which produces a pumping 


action. Adjustable valves are used to control 
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The Pump-Mix Mixer Settler 


Che pump-mix mixer settler is a hor 
zontal the 
intensity, automatic liquid-liquid inter 
and head for 
heavy-phase flow are provided by the 
impeller. The need for individual stage 


contactor in which mixing 


face control, hydraulic 


interface sensing and control devices or 
ior a tilted unit to provide hydraulic 
head is eliminated. A contactor consists 


of a number of stages, each stage con 


taining a mixing section and a settling 
Over-all flow through the unit 
but 

Figures 1 and 2 


pattern 


section. 


is countercurrent, through each 


stage it is cocurrent 


illustrate the design and flow 
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Every mixing section has an impeller 


driven by a shaft that enters the mixing 
section the top of the 
Figure 3 shows how the impeller acts 
is a centrifugal pump providing the 
head for flow of the heavy phase. When 
shaft 
through the hollow tube and discharged 
through the holes in the impeller. For 
i particular impeller, the capacity of the 


Stage 


through 


the rotates, liquid is drawn up 


pump is a function of the impeller speed 
that 
capacity 1s 


The impeller is designed so ove! 
a wide range ot speeds its 
greater than the heavy-phase flow rate 
As the capacity of the pump ts greatet 
than the heavy phase flow, the intertace 
will fall below the impeller tip, thereby 
causing the impeller to draw the mixed 
the 


mixing section down through the hole 


phases from the upper portion of 
in the horizontal plate (c in Figure 3) 
ind this material is recycled until the 
builds up to the im 


interface again 


Fig. 2 


HEAVY PHASE 


a 











Fig. 3 
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Schematic drawing of pump-mix mixer settler showing direction 


Br ttsrssssssMocrcoccccsscsscosss 


The make 


effect between the impeller 


peller tip net result is a 
ind break’ 

tip the 
intertace Phe 
the 
the position of the interface in the 
rhe only level 


required is a weir to drain the heavy 


heavy-phase—mixed-phas« 
level of the 


same in all 


ind 
impeller tip 
(which is stages) con 
trols 
preceding stage device 
phase stream from the last stage 

rhe horizontal plate below the im 
peller confines the mixing to a relatively 
\ decrease 


the hole in the horizontal plate 


in the size of 
iffect 
the pressure drop between the two com 
the 
the 


small volume 


partments of section and 
thus 


phase 


mixing 
decreases volume of recycled 

The heavy-phase inlet section | 
lar to the inlet of 
If the hole in 


uction 


imi 
a centrifugal pump 
the recirculation plate 1 
head 1s 
draws heavy phase from the 


section and 


mall, a created whicl 


preceding 


} 


ettling lowers the inte 


of flow 


- 


> 
3 


HEAVY PHASE 


-'-_—— —-—- — — 








Pump-mix mixer settler; elevation showing three adjacent stages 
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Normal design requires that 
hol ize be that 
levels, if the 


face level 


minimum such with 


normal operating inlet 


streams to the unit are stopped and the 
impellers are kept rotating, the settling 
not brought down to 
above the inlet to the 
If the hole size 1 
imum nece 
the 
till completely operable but the mixing 
tensity may be decreased slightly I he 
therefore not a 


the hole 1 


ection intertiace 1s 
le than % in 
heavy 


' , 
larger than 


phase port 


the mu iry to 


it thi free wheeling 


unit 


diameter ot 
w ice 
baffles 


ectior is to 


critical dimension over a 
Ph 


mixing 


ratige 


function of the betweet 


ind settling sepa 


thie 


tthing zone 


turbulent mixing zone from the 


permit disengaging of 
The / 


the 


vertica 


the 


ind 


niet to 


thre pl ase 
bafth 


nixinge 


haped 
lhieht pl ant 
bin Figure 3) 
being 
ection and causing 


Phe 


heavy 


ection { prevent 


mixed 4 from thrown inte 


the previous settling 
| in ethciency by back mixing 
verted / haped bafth the 


Figure 3) 


on 

usually 
different 
the 
tron 
lavers \ 


betwee! 


cTyve i 


de irable to draw oft 


eavy-phase effluent of any stage 
the bottom to avoid tlagn 
the the 
settling one 


int 
port at bottom of 
thre 


neavy pha e inlet 


tage 
ection of tage and the 
ection of the 


most 


next 


would accomplish thi imply 


nowevel i cnrnve ‘ tr tem 


olut 


ition y 
the 


ue im «(tte 


transter of 
onsiderable char 


both pl Figure 3 


vd} ie 


that two 
Mnometet 
it « bye 


of the heavy 


irkedly 
t the imtertace may be 
differes eliminated 
baffle, which in effect 
ivy pha ¢ 

the 
The 


betwee 


ort were ") mM 
it when the 


in the two stag: ern 


the 


ley ot the Tit rst ‘ hat of 


etthing ection heavy pha ‘ leg 


effect ¢ | ty difference 


we ll al 


port and 


compen | for by the equil 


ition « the 


interiace im 


thon atl ! ical treat 


ettect t el the 


Design Details 


Figure 4 shows the pump-mix impeller. in 


efiect, it is a low-heod, high<apacity, closed 


centrifugal pump impeller of four vanes com 


nected to a hollow dip leg. When mixing blades 
ore used, they ore preferably fastened on the 
top disk and extend radially inword from the 
ovter rim 


The squore or rectangular mixing cross sec 


tion, used to facilitate construction, also elimi 


* See footnote on page 403 
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nates the need for vertical antiswirl boffles on 
the walls of the mixing section. However, blades 
on the impeller create additional turbulence and 
are generally used or systems which can with- 
stand vigorous mixing without excessive emulsi- 
fication and resultant difficult separation. In 
addition, it was found advisable to insert oa 
T-shaped vertical baffle in front of the light- 
phase inlet port so that the incoming stream is 
circulated around at least 270° of the impeller 
before being discharged into the settling section. 
This boffle also prevents mixed phases from 
back mixing through the light-phase port into 
the previous settling section. The direction of 
rotation of the impeller in relation to the angle 
of the boffle between mixing and settling sec- 
tions is important. To confine the turbulence to 
the mixing section, the direction of rotation 
should be such that liquid leaving the impeller 
impinges on the closed end of the baffle 

Figure 5 shows the evolution of the correct 
relationship of blades and baffles. The following 
list gives the trend in the average stage effi 
ciency obtained in runs on the same system at 
the same flow rates and impeller speed for (a) 
impeller with no blades and no light-phase inlet 
baffle—77% efficiency; (b) impeller with blades 
but no light-phase inlet baffle—83% efficiency; 
(c) impeller with blades and light-phase inlet 
baffle-99% efficiency. 

In all the cases the direction of the impeller 
in relation to the angle of the baffles in the 
opening to the settling section is correct. A 
reversal of impeller direction in case (c) caused 
discharge of some of the light phase before it 
had circulated in the mixing section, and the 
average stage efficiency dropped to 88% 

The box-type construction used for multistage 
units is compact and simple to fabricate. Figure 
6 shows a typical sixteen-stage pilot plant unit 
The individual stage dimensions are width, 3 in.; 
height, 5 in.; and length, 11 in. 
section is 3 by 3 by 2% in. high with a recircu- 


The mixing 


lation hole 1% in. in diam. The impeller diam- 
1.D. and 
% in. long and 3/16 in. 


eter is 1% in. with dip leg 7/16 in 
2 in. long. Four blades 
high are fastened to the top disk. 

The range of capacity of this unit for a 
variety of organic-aqueous systems was found 
to be 0.2 to 0.5 gal./min. total flow of both 
phases. 

The shofts can be driven by individual electric 
motors or by a chain, belt, or gear system. All 
impellers in a unit rotate at the same speed, 
which however it should be possible to vary. For 
the unit shown in Figure 6, a range of 300 to 
600 rev./min. is adequate 


Efficiency and Operating Range 


The pump-mix 
confines the mixing in each stage to a 
relatively small volume of the 
stage, and the mixing intensity can be 
varied over an extremely wide range by 
varying both the impeller-blade area and 
its speed. Thus a high mixing efficiency 
can be maintained over the entire hy- 
draulic capacity of the and 
also over a wide ratio of phase flows. 
Runs at high efficiency have been con- 


mixer-settler design 


entire 


contactor 
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ducted at a light-phase-to-heavy-phase 
flow ratio of 10 to 1 and at 1 to 10 in 
the same unit. Figure 7 shows stage 
efficiency as a function of stirrer revo- 
lutions a minute. These data were ob- 
tained with a bladed rotor 1 in. in diam. 
in a single-stage unit and illustrate the 
typical curve obtained for a pump-mix 
impeller. It is apparent that for the 
particular system 80 rev./min. is opti 
mum. Increasing the speed not only 
does not increase the efficiency but does 
increase the dispersion so that settling 
is more difficult and capacity decreased. 


Capacity and Holdup 

In general the capacity of the mixer 
settler is determined by the size of the 
settling section. Pumping capacity is 
readily increased by increasing the im 
peller speed. The length of time re- 
quired for the separation of the mixed 
phases determines the size of the settling 
section and for a unit of definite size 
determines the total liquid-volume ca 
pacity. The settling time, which varies 
widely for different systems, is deter- 
mined reliably only by actual operation 
on the system intended to be used. 


Fig. 4. Pump-mix impeller. 
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Fig. 5. Evolution of 
blade and baffle de- 
sign. 
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Fig. 6. A 16-stage pump-mix mixer settler. 
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STAGE EFFICIENCY 
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Fig. 7. Stage efficiency vs. stirrer speed 
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heavy phase. The light phase does flow 
through the unit by gravity but owing 
to the the 
and proper port design a drop ot 
This 
in small differential heights of the light 
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ciency, providing a maximum of design data on 
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Experimental Extraction Date 


A solvent-extraction run with a simple three 
component, two-phase system was mode to pro 
the application of the 


vide an example of 


pump-mix mixer settler. The stage-by stage data 
obtained ore typical of other systems which hove 
been tested. They ore included in this poper to 
illustrate the efficiency of the pump mix stoges 
and the type of dota which can be obtained for 
flowsheet evaluation 

The 


water. In 


system used was acetic acid hexone 


the 


was further simplified by preequil bration of the 


run to be discussed, the system 


feed streams. The hexone was equilibrated with 
water and the aqueous feed with fresh hexone 
The transfer of the two solvent components is 
minimized in this way, and the system can be 
immiscible solvents ond the 


trected os two 


solute, acetic acid. In the range of acetic acid 
concentrations used (below | M/1L in eoch phase 
the mutual solubility of the woter and hexone 
is nearly constant (sen Table 1) and the assump 
tion is therefore valid 

In o run made with the conditions summarized 


in Table 2, 


@ concentration change in the aqueous stream of 


the flow rotes were chosen so that 


approximately a factor of five would be obtained 
This was done so 


sufi 
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with eight theoretical stages 
that a simple titration method would be 


ciently accurate for analysis of all samples 


Page 





aqueous feed entered the bank ot stage 1 and 
RUN | 


left at stage 8. The extractant (hexone) entered 
at stage 6, flowed countercurrent to the aqueous 


0 STAGE SAMPLES 
© EQUILIBRATED STAGE SAMPLES 


stream, and left the bank «* stage 1. 

Somples of both phases in all eight settling 
sections were withdrawn at the end of the run, 
ofter approximately four times the holdup vol 
ume was fed to the bonk. Each sample was 
divided into two parts; one portion was analyzed 
for acetic acid, the other was “equilibrated” 
with a portion of other phase sample withdrawn 
from the same stage, ond both phases were EQUILIBRIUM LINE 
analyzed. The samples were titrated with 0.1 M 
sodium hydroxide to a phenolphthalein end 
point, the maximum error being estimated at 
+ 5%. 

The stage dato are given in Table 2 and 
are shown plotted in a conventional McCabe- OPERATING LINE 
Thiele diagram in Figure 8. The equilibrated- 
O J ! | ! 1 | 1 4 | ol 
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ACETIC ACID IN AQUEOUS PHASE — MOLS /LITER 
ment is within 6% Fig. 8. 


stage sample analyses were also plotted. Com- 








parison of the equilibrium line slope with meas- 


ACETIC ACID IN ORGANIC PHASE - MOLS/LITER 


urements of the distribution coefficient for the 


same system is shown in Table 3. The agree- 





The over-all stage efficiency was computed 
Table 1.—Mutual Solubilities of Aqueous and Organic Phases (8) from the ratte of the number of Cheocetiont 
stages required for the observed acid loss as 

System: Acetic Acid-Hexone-Water, 20° C determined from the McCabe-Thiele diagram to 

Aqueous phase Organic phase the number of actual stages used in the run 

Acetic acid, Hexone, Acetic acid, (eight stages). The number of theoretical stages 
moles/liter moles /liter > required is 7.6 within the accuracy of the 

0.0 1.5 0.0 plotting method, which is estimated to be +5% 

0.8 0.7 The over-all stage efficiency is therefore 95 

1.6 2 1.4 + 5%. 
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a self-cleaning air filter 


details of the 
Hersey reverse-jet filter 


Knowlton J. Caplan 


reverse-jet filter may at first seem versed by a slotted tube that contact 


T: the chemical engineer the Hersey dense woo! felt, which is slowly tr: 


} 


merely a new method of accomplishing ind indents the filter medium and blow 
the back-washing of an air filter, but tl i high-velocity jet of gas through the 
i misleading oversimplification. The medium in the direction reverse to that 


Hersey method might better be of the normal gas flow. The contact 
ssed as an objective—to use a thick, ind tion of the filter medium is ¢ 
ise filter medium of fine fibers so that yt iown in Figure 1, not only 

high filtering ency will not depend eal to force the reverse 

primarily on the formation of a filter ough the filter medium, but als 
ike and to keep the filter medium and wrovide flexing action to allow the 
ts dust deposit porous enough to permit 

filtration velocities and yet main 
tain high efficien This objective has he filter- and blow-tub« 

beet st partiall accomplished, i! | 

that a dynamic steady-state condition ot 

in and on the filter medium is mau 
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Fig. 1. Contact of blow ring with filter tube Fig. 3. Inlet manifold sanitary design showing separate ducts to each filter tube 
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tart-up) doe 
the collected dust is solu 


tion on a cold not appear 
harmful unles 
ble or tend 
like mas 
to warm the 
local condensation 
Most of the 
filter 
limitations of 


to form a sticky or cement 
Sometimes it is advantageous 
avoid 


reverse-jet air to 


limitations of 1 jet 
present are 
usable filter 
the 


pene rally 


verse 
application at really 
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than limitations of 
Wool felt, 
the filter 
only for temperatures of 190 
and alkaline 
Special treatments of wool felt suit it to 
Woven fabrics 
usually unsuitable because they depend 
the 


media 
rathet basic 
method which is 
is suitable 


to 200° |} 


chosen as medium, 


mild acid or conditions 


certain conditions. are 


for ethcrency formation of a 
filter cake, and the reverse 
the cake the 


weave. these 


upon 
jet destroys 
the 
limitations 


and opens holes in 


Surmounting 


depends upon the development of syn 


thetic or inorganic fibers into a truly 





Knowlton J. Caplan has spent most of his career 
in problems involving industrial health hazards, 
dust and fume control, atmospheric pollution, 
and industrial ventilation. He has had experi- 
ence with the Missouri State Board of Health, 
with the U. S. Public Health Service during the 
war, with the Michigan Department of Health, 
and with Mallinckrodt Chemical Works, 
he was director of the health group. In 195) 
he left Mallinckrodt to begin a consulting prac- 


where 


tice and to become associated with H. J. 


Hersey, Jr., originator of the reverse-jet filter. 
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TAPERED SQUARE -7O-° 
BOUND FITTING ON 
EACH BAG COLLAR 


. HOPPER TYPE FLENUM 


A Fig. 4. Hopper-bottom plenum sanitary design eliminating ledges in plenum 


<4 Fig. 2. Early model of Hersey reverse-jet filter. 
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feltlike material or the development of 
mechanisms for keeping such fibers in 
their present form porous Experimen- 
tal work with both objectives is being 


conducted. 
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Fig. 5. Pressure-volume relation of air flow through felt 
with constont dust deposit. 
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The relatively small number of tubes 


or bags in a Hersey filter makes possible 


prov ling i 
y cleaning, 


cesign inimum 
hold-up 


which are important to the 


a Sanitary 
material and ea 


1on d., color. 





drug, and other industries. Sanitary 
designs of the inlet manifold type and 
the hopper-bottom plenum type are 
shown in Figures 3 and 4 


Operating Characteristics 


The variation of filter resistance with gas flow 
at constant absolute dust load is linear, as shown 
in Figure 5. The slope of the line depends on 
the amount and physical characteristics of the 
equilibrium dust deposit; these particular data 
were obtained with Quincy No. 1 ground lime- 
stone (mass median diam. 9.44, standard geo- 
metric deviation 2.98) fed at ao rate of 15.2 
grains/(min.)(sq.ft.) filter orea. This linear P-V 
relationship will hold for any given operating 
unit only if the absolute amount of dust entering 
the filter is constant. If the total amount (not 
the concentration) of dust varies with the gas 
volume, the P-V relation will not be linear. 

A frequent source of confusion in discussing 
dust loadings is the long-established habit of 
engineers of thinking in terms of grains (avoir- 
dupois) of dust per cubic foot of gas. These 
units actually represent the concentration of dust 
in the gas, and if the gas volume flowing 
through the filter is varied, the amount of dust 
actually handled by the filter varies, even though 
the concentration may be constant. The operat- 
ing characteristics of the filter, however, depend 
more directly on the nature and absolute amount 
of dust handled. In this discussion, then, abso 
lute dust load will be used, and a suggested 
unit is grains avoirdupois per minute per square 
foot active filter area 

Since the P-V relation determined in Figure 5 
agrees with the theoretical analysis of stream 
line flow, it is assumed that resistance of the 
filter will vary with the viscosity and density of 
the gas in the usual manner, as discussed by 
Perry (1) and others. Most of the experimental 
work and field studies on Hersey filters have 
been made on air as the gas, at or close to 
the conditions defined by the American Society 
of Heating and Ventilating Engineers as stan 
dard (air at 0.075 Ib./cu.ft., 70° F., 29.92 in 
Hg abs 

The variation of filter resistance with dust load 
at constant gos volume is not linear but exhibits 
a sharp rise from zero loading and becomes 
asymptotic at higher loadings, as shown in Fig 
vre 6. The quantitative values vory with the 
physical characteristics of the dust and with 
variables of the filter such os reverse-jet volume 
and velocity and blow-ring speed. Apporently, 
however, all such dusts exhibit a loading-resis- 
tance curve of a similar shape. The data shown 
in Figure 6 were obtained by using electrically 
fused dolomite (moss median 26yu, standard 
geometric deviation 5.3) at various concentra- 
tions while the air volume wos cons*ant. 

Considerable time is required to establish an 
equilibrium condition in the filter medium. A 
typical resistance-time log is shown in Figure 7, 
depicting the start-up of a new filter. In view 
of the long equilibration time frequently ex- 
perienced, it might be deduced that filtration 
efficiency might also require a long time to 


reach the high values noted in Table 1. Unfor- 
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Fig. 6. Resistance dust 
loading characteristic 
at constant gas volume 
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Fig 7. Filter resistance 
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CUMULATIVE % OF VALUES REPORTED 
Fig. 10. Range of dust loadings. 


tunately very few data are available on this 
point. 

A scattering of data indicates that initial 
efficiencies are reasonably high for the reverse- 
jet filter when dense wool felt or equivalent 
filter mediums are used. A test at Harvard (3) 
presumably (though not so stated) on new wool 
felt, shows 85.4% weight efficiency on atmos- 
pheric air, as compared with 35.5% weight effi- 
ciency for woven cotton cloth. An unpublished 
report of A. D. Little Company (8) shows an 
initial efficiency on atmospheric air of 70% by 
dirt-discoloration test. Presumably efficiencies 
would be much higher on a weight basis. As- 
suming that this test 


approximately 1,000 hr. of operation without 


operated 24 hr./day, 


blow-ring operation were required for the effi- 
ciency to reach the reported maximum of 97% 
by dirt-discoloration test. Later the blow rings 
were run both in continuous operation and on 
pressure control, and the filtration efficiency was 
determined on a particle count basis while at- 
mospheric air was filtered. Again weight effi- 
ciency would presumably be higher than particle 
count efficiency. Seven efficiency determinations 
on this basis ranged between 96 and 98%, and 
one value was 93.6%. 

If it is assumed that the atmospheric air used 
by A. D. Little for 1,000 hr 
dust content for such air of 10° grains/cu.ft., 
10° times 
than an ordinary industrial dust load of 1 grain 
cu.ft. 
time-efficiency characteristic depends primarily on 


had an average 


this concentration would be lower 


if it is further assumed that the initial 


the amount of dust which has entered the filter, 
the filter might be expected to reach normal 
efficiency in 1,000 10° he. 
I-grain dust load, or in 0.1 hr. 


if it were on a 
This deduction 
bosed on the A. D. Little work does not agree 
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with the observed experience of several hundred 
hours required to reach equilibrium in terms of 
filtering ratio and resistance; therefore there is 
apparently little if any relation between equili- 
brium in terms of performance and equilibrium 
in terms of efficiency. in most applications, 
since the initial period of less than 99.9% effi- 
short, the question has only 


ciency is very 


academic significance. The only other test con- 
cerning the relation of time and efficiency was 
that of Caplan and Mason (6), which was ob- 
tained on a dust exhibiting bad seeping qualities 
and which therefore may not be typical. In that 
instance the percentage passing the filter (on 
the order of 0.1%) increased beginning with 
the first day of use for plain wool felt; for 
H.C.E. treated felt, the percentage passing (on 
the order of 0.02%) first decreased from the 
fifth to the tenth day, and then increased. 


Range of Performance and Efficiency 

The filtering ratio (cu.ft 
ft.) filter area), filter resistance, dust 
loading, and collection efficiency of a 
number of Hersey filters in actual oper- 
ation have been compiled (Figures 8 to 
10). A total of 103 operating units is 
included, and no known data on any unit 
excluded the values 
All the precedirg fac 
tors are not known for each unit, but 
the number of units the 
analysis of each performance factor 1s 


(min. ) (sq 


have been trom 


herein reported. 


involved in 


indicated. 
In attempts at graphing 
methods of presenting the field-experi 


various 


enced operating data shown in Figures 
8, 9, and 10, it was found that reported 
values for these various units plotted a 
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straight line on log-probability scales 
Such plots mean that the samples follow 
a skewed Poisson distribution, but no 
significance is attached to this fact ex 
cept possibly as an indication that a good 
statistical sampling has been obtained 

The range of filter resistances encoun 
tered is indicated in the logarithmic plot 
of Figure 8, showing 90% of the values 
between 1.1 and 6.3 in. water gauge 
A lower limit is imposed by the fact 
that the felt generally used as a filter 
medium has a resistance of 0.5 in. w.g. 
at 17 cu.ft./(min.) (sq.ft.) filter ratio 
when clean. An upper limit is imposed 
at about 8 or 10 in. w.g. depending on 
filter-tube diameter since filter resistance 
in the tubular type must not exceed the 
mechanical strength of the felt. A low 
filter resistance is desirable in many ap 
plications where the gas moving equip 
ment is a centrifugal fan of the indus 
trial exhauster type, limited to about 15 
or 16 in. w.g. static pressure. Another 
form of filter with a much higher upper 
limit of resistance will be discussed later 

Filter ratio in dust collecting work is 
defined as feet per minute of 
per square foot of actual filter 
area and is equal to the apparent 
or superficial gas velocity through the 
filter medium. The range of filter ratios 
encountered is shown in the plot of Fig 
ure 9, showing 90% of the values be 
tween 5.3 and 32.5 cu.ft./(min.) (sq.ft. ), 
and 50% above 13 cu.ft./(min.) (sq.ft. ) 
Attainment of such high filter ratios 
usually means a more compact filter unit 
with smaller consumption of floor space 
and less capital investment in the non 


cubic 


gas 


functional portion of the dust filter, such 
as housing and support legs. 

The range of dust loadings encoun 
tered is shown in Figure 10. Dust load- 
ings are usually expressed in grains 
Many 
the 


avoirdupois per cubic foot of gas. 
Hersey filters are used to collect 
entire product from swing hammer mills 
and similar equipment, and although the 
dust loadings from these machines are 
in the ranges of several hundred grains 
per cubic foot of gas, the gas volumes 
are usually not known with any degree 
of certainty, and hence these values can 
not be reported 
The range of 
determined, and the source of the data 
Most of the re- 
the radioactive 
five to sixty 


collection efficiencies 
ire shown in Table 1. 
sults, particularly on 
dust, are based on from 
samples, and the entries are arranged in 
The last 


considerably lower 


order of decreasing efficiency 
eight 
efficiencies than would be expected and 
Although 


entries show 
ire all from a single source 
these particular units were not observed 
by the author, it is postulated that gross 
leakage, as from loose bag collars or 
holes in the filter, must have been 
present although possibly not detectable 
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as visible dust in the effluent gas. Eff- 
ciencies are all on a weight basis and in 
some cases were determined by simul- 
taneous upstream and downstream sam- 
pling; in other cases the weight of dust 
collected in the filter during the sam- 
pling period was taken as the input load- 
ing. The median value with the last 
eight values excluded is 99.990%; with 
all values included, 99.977%. 


Felt Treatments 


Some few dusts exhibit a tendency to 
leak or seep through the felt. Although 
the leakage is not visible in the airborne 
state, it may in some cases be objection- 
able. The collection efficiency is not 
primarily a function of particle size, as 
is borne out by Table 1 and by some 
other experiences for which no quantita- 
tive data are available. This conclusion 
is not consistent with the many pub- 
lished tests and theoretical analyses of 
the relation of particle size to filtration 
efficiency, but it should be pointed out 
that such tests and analyses have not 
yet been performed for a dynamic equi- 
librium condition such as exists in the 
Hersey filter. It has been noted, for ex 
ample, that ground limestone “Product 
G” (mass median 5.0, standard devia 
tion 3.0) exhibits no detectable seepage, 
whereas ground limestone Quincy No. 2 
lp 
all other conditions remain 

Unfortunately, because of 


(mass median standard deviation 
3.66) does, 
ing identical 
the nature of the 
this was noted, no quantitative efficiency 
data could be obtained 

The efficiency of the felt is improved 
by H.C.E 


with certain grades of 


experiment wherein 


treatment, an impregnation 
The 
most complete investigation to date on 
the use of H.C.E. felt made by 


Caplan and Mason (6) on a filter col 


silicones 
Was 


lecting radioactive dust less than lp i 
size and exhibiting seeping properties 
hey found that at the end of 110 days 
of service plain felt had an efficiency of 
99.25%, whereas H.C.E. treated felt at 
the end of 158 days of service had an 
efficiency of 99.92% 


Self-Adjusting Blow Rings 


The contact of the blow ring and the 
filter medium is of primary importance 
and is critical within narrow limits. 
Clean wool felt rubbed by smooth metal 
surfaces exhibits no appreciable wear in 
the absence of chemical attack or other 
as proved by felt 
some early 
conditions of 


adverse conditions, 
life of 


installations 


over 4 
Uniform 


years on 


adjusting rings (see Figure 11) so that 
a high degree of dimensional stability 
would not be required in such materials 


Pressure Control 


It is not necessary to take the reverse- 
jet filter or a section of it offstream for 
cleaning the filter media. The porosity- 
restoring action takes place on each filter 
element as it is onstream filtering the 
dust-laden gases. Thus the filter resis 
tance, always present as a pressure dif 
ferential across the filter medium, can be 
used to actuate a pressure control. The 
pressure switch turns on the reverse-jet 
machinery when the resistance increases 
to a preset value and turns it off when 
the filter porosity has been restored, as 
indicated by decreased resistance. In this 
way the reverse jet is used when, and 
only when, it is needed, and the filter 
resistance is kept constant within the 
narrow differential limit of the switch 
Thus the main gas flow, usually depend 
ent on the resistance or pressure drop 
of the filter and other component parts 
of the system, may be kept essentially 
constant. Figure 12 shows a typical 
pressure recording for a unit on pressure 


control. The pressure rise takes place 
while the reverse jet is 
the sharp pressure decrease, while the 
reverse jet 1s on The 
the saw-tooths indicates im 
creased loading; the lower fre 
quency, a lighter loading. 
tailed discussion is given by Hersey (7) 
usually re 


not operating 
increased fre 
quency of 
dust 
A more de 


Pressure-control 
sults in the reverse jet operating about 
10 to 20% of the total filter-operating 
If the reasonable assumption 1s 
made that 
equipment and felt-tube replacement is 


operation 


time 
maintenance of reverse-jet 
proportional to operating time, pressure 


control is worth while from the main 


tenance viewpoint alone 


Redeposition and its Control 


Even though the filter ratios are 
usually satisfactorily high, Hersey (7) 
gives indications that they could be even 
higher if dust jetted off the filter med 
ium could be prevented from redeposit 
ing on the filter. A new form of reverse 
jet filter, of which three successful ex 
perimental models have been built, is 
shown in Figures 13 and 14. In this 


form the felt is supported on the outside 





Table 1.—Collection-Efficiency Range of the Hersey Reverse-Jet Filter 


Inlet 
lood 
grains/ 

cu t+ “ 


Nature 


4.25 
1.07 
1.26 
32.4 
014 


Radioactive 
Vaporized silica 
Vaporized silica 
Radioactive 

Tale 


Radioactive 140 
Fly ash 11.2 
Fly ash * 13.4 
Radioactive 2.1 
Tale 


0.16 
0.39 
3.17 
Wg 
1.89 


Tale 
Radioactive 
Tapioca starch 
Fly ash * 
Radioactive 


Fly ash * 1.12 
Radioactive : 
Al,O, (grinding wheel mfg.) 
Al,O, (grinding wheel 
Al,O, (grinding wheel 


3.10 
2.26 
244 


Radioactive 
Radioactive ees 
Al,O, (grinding 33 
Fly ash * 1.24 
Al,O, (grinding wheel 0.65 
BeO crushing 0.14 
BeO—SiO, founding 


0.202 


0.0456 
0.418 


0.0054 


Particle 
Size 
Mass 
Median % % 
Passed Collected Reference 


99.9996 (6 
99.9991 
99.9986 
99.9987 
99.9981 


10 0.0004 
0.6 0.00093 
0.0014 

0.0013 

0.0019 


99.9973 
99.9961 
99.9954 
99.9952 
99.995 


0.0027 
0.0039 
0.0046 
0.0048 
).905 


99.9922 
99.9902 
99.99 

99.9886 
99.9854 


0.0078 
0.0098 
0.01 

0.0114 
0.0146 


0.023 
0.0232 
0.03 
0.04 
0.05 


0.0515 
0.054 
0.07 
0.082 
0.12 


0.37 
0.41 
0.77 


0.130 
0.029 
0.0094 


Al,O, (grinding wheel 
BeO crushing 
Rouge polishing 


are essential for long 
Wool felt, and prob- 


any other material with similar fil 


felt 
felt service 
ably 


contact 
1.97 


2.38 


0 0048 
0.075 


2.49 


characteristics, is inherently di 
7 2.80 


Consequently it 


tering 


Rouge polishing 
ac 


mensionally unstable 


deemed advisable to provide self * Leboratory experiments at greater-than-normal reverse-jet velocities 


was 
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ALUMINUM CASTINGS of a screen cylinder, the dusty side being 


FLEXIBLE HOSES 


ort greatly re- 





outside 


duces the mechani treneth and di 





requirements ot the 


mensional stability 


filter medium \ straight blow tube 
slotted on she outside lies between the 
‘ 


VERTICAL SPRINGS HIGH PRESSURE AIR felt and t en 3 
MANIFOLD the screet As the blow tube 1 


| 


creen but does not touch 





by the slow-turning central shaft, it de 


cribe olution betwee 


the felt ; 
Mounted on tl itside of the 
driven by the same central sha 


si 
Isibic 





channel-shaped member not \ 


\ HIGH PRESSURE K  Guive ROWERS : : ae x 
the photog iph It revolve with the 


Alm INLET ' 
blow tube, keeping pace with it and 
Fig. 11. Self-adjusting blow rings channeling the reverse-jetted dust down 
ward to the collection ] ppet 


nimizes it 
pletely prevent, redep 
possible to mount a wiper o1 
nel member. the need for whicl 


itor 


cases is also discussed by Her 
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The art of thermal cracking, or pyrolysis, has been practiced in the petroleum 
and allied industries for many years. Charge stocks have ranged from complex 
mixtures such as gas oil and naphtha to simple compounds such as ethane and 
propane. Although much effort has been directed toward an understanding of 
the chemistry of cracking, the many complexities involved have precluded concrete 
deductions. In general the process engineer has been compelled to design 
pyrolysis units by a sort of educated speculation. A logical approach to the 
design problem must consider commercial practice as well as fundamental 
reaction kinetics. A design procedure combining these elements is presented 
in this paper, together with a complete process design calculation. 


















This paper will consider only charge stocks in the light hydrocarbon (C» — C,) 
range. These charge stocks are of commercial importance because of the many 
chemicals that are derived from the olefinic cracked products. Other important 
commercial pyrolysis reactions exist, and it should be emphasized that design 
methods presented here may be extended outside the light hydrocarbon field. 















everal types of commercial equipment ior the purpose, the design of the fu reactior nvolving free radicals are 
S are available for light hydrocarbon nace will not be considered here. The assumed, the paraffin disappearance is 
pyrolysis (J, 2, 3, 4), but by far the design of the coil, however, falls directly first order From = the tandpoint of 
most common type is the direct-fired to the proce engineer. Even if he i developing design method it is quite 
tubular heater In this heater the react not charged with the original design of fortunate that thi 1 0 













ing material is continuously conducted the coil, it will be his duty to predict Studies of olefin decomposition have 
through several pipes (or tubes) con the effect of changes in operating condi hown that the over-all rate of disap 
nected in series, which are receiving tions and charge stock pearance is not quite first order Thi 
radiant and convection heat from burt lhe gene ral aspects o! light hydro tem from the imultaneou decomp 
ing gas or oil, The number and at carbon cracking in tubular units wer: ition and polymerization reaction 
rangement ot such tubes are set to described adequately by Schutt (J&) a vhich occur The imitial reactior are 
produce the desired degree of conversior few years ago. His data are quite re first order, however (2/] ; and sine 
(usually at temperatures in the 1300 liable and will form an important part olefins are not generally present 
1500° J range The cracked gases ot the design procedure to be devek ped large amount in the charge toch 
leaving the heated zone are cooled rap ere nee their degree | convert n reia 
idly, and pass to separating equipment tively low, one may also assume ft 





The problem of designing a tubular disappearance to be first ordes 





Pyrolysis Rates 
pyrolysis unit is logically divided into \ wealth of cracking rate data 


two parts which, for want of better ter From a standpoint of kinetics, pyrol uppeared in the literature during the 










minology, may be called the design of 5! reactions are homogeneou nor past twenty-five year Many are er 
the coil and design of the furnace. The catalytic, and occur in the gas phase roneous due to faulty analyses, extras 

design of the coil consists of selecting Many investigations have shown that eous catalytic effects, and use of 

the propery diameter and total length of the para‘tins decompose e€ entially along proper residence time. Consistency of 
tubes needed to produc e the required first-order lines; 1. the rate of disap results has been noted only mm the care 

conversion at some assumed heat flux pearance of a reactant is directly pro ful determinations of the initial reaction 
The design of the furnace includes selec portional to the amount of reactant re rates, and these of course must be 

tion of tube material, arrangement of maining. Under the high temperature fied to include the many secondary re 

the tubes, and the design of the conver conditions of decomposition, it is quite actions which occur in commercial coil 

tion and radiant sections. Since it has likely that the reaction procees The effect of the secondary reactions 








been covered adequately in the literature through the formation of free radical is to lower the over-all activation ener 
(9, 11, 16) and since design firms have’ chains. Rice and Herzfeld (J5) have gic For example ware (21) has 
developed competent heater departments shown mathematically that when chain found that propylene has an activation 
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energy of 72.0 kcal. when being de 
composed to the extent of 4%. The ; 
activation energy fe opylene ly — 
yavion BY © propylene poty- Material Log,,A E, k/cal. Source Cited 

merization, however, is on the order of 
30-35 kcal. Since both types of reac- 
tions occur simultaneously in a com- 
mercial coil, a design based on the Propylene 13.0 72.0 Laboratory * (21) 
higher energy would be unnecessaril 74S 08 Laboratory 7: 

J BY , we 13.4 64.8 Plant (18) 
conservative. 


Table 1 lists selected values from Propane 13.5 63.1 Laboratory (23) 
12.6 59.1 Plant (18) 


Table 1.—Velocity Constent Date 


Ethane 15.0 70.0 Laboratory (23) 
12.3 60.0 Plant (18) 


which the velocity constant may be cal 
culated by the familiar Arrhenius equa- n-Butene 12.7 60.1 Plant (18) 
tion: 


k, = Ae~S/kT (1) 


Isobutene 12.7 Laboratory * (22) 
12.0 56.0 Laboratory (7) 


n-Butane 12.7 Laboratory (20) 
where 
; Isobutane 13.9 Laboratory (20) 
E = energy of activation 


A= frequency factor * Initial rate only. 





Both laboratory and plant data are in 

cluded. The plant data have been back in terms of concentrations instead of which gives 
calcuiaied from performance tests and activities. Design problems are much Gc. 
include over-all effects. When available, simplified by considering activities and i > [(1+m,) + da, |\da, 
they should be used. When laboratory using the velocity constant k. Most ex Bb br] oa. 

data must be used, they should be ana perimental data reported, however, are : 

lyzed for coverage of over-all effects, jin terms of k,, which it has been shown (7) 
and the initial rate should be modified (5) can be converted to k (assuming | 
accordingly. A design based on a high  jdeal gases) by the expression k = k, 
activation energy may have a few sur RT. The total number of moles per 
plus tubes, but this can be corrected in mole of A entering m, varies throughout 
plant operation by, for example, raising the coil since cracking reactions pro 
the operating pressure or reducing the duce a net increase in moles. This can 
operating temperature be expressed by the relation 


‘or a small increment of volume * one 
may consider k, 8, mw constant. Then, 
G49 
krAl p (1+ ,)da, 
I l—a, 


e j € de 
Design Equations me b+ my +8, (4) -* A 


- a, 
where 


In the development of design equa 

tions it is convenient to consider a pure n, = moles of inerts/mole of A en- which, when integrated between limits 
. / 

compound A being converted, with in tering of a4, and a,y,, gives 
erts, /, in the feed undergoing no = = »s / 
' & 8 = increase in number of moles kn A p 
change. Based on one mole of A enter mole of A converted (expan- - 
ing the reactor, the fractional conver- sion factor) F *A2 


G4) 


sion, ay, at any point in the reactor is - B(a,. a4,) (8) 
Experimental evidence shows the ex 4 


, > . . > ¢ > . cten- 
a, v—m", (2) pansion factor, 8, to be generally con which is the basic equation for a step 


wise analysis of the cracking coil. For 


tant for the more important hydrocar 
facility in computation it is convenient 


where 
bons, and a function of a for the others. 
n, = moles of A present at any point Values of 8 are given in Table 2 


in reactor/mole of A entering Combining (4) with (3) gives 


rhe rate of reaction is dened by ka(1 — ay) * In —41 in ( 1+ l = ) 
f= ‘ 


a a 
, Ag Ao 
1 + n, + da, 2 . 


to remove the logarithmic term from 
Equation (8). One may write 


kan, 

(3) 

my For a flow reactor, * Experience will guide the designer in choos 
ing the size of the increment. In general one or 
more tubes are used. The temperature change 


(6) in zones of significant conversion should not be 


= ka ‘ 


where 


Ve = reactor volume 


m, = total moles present/mole of A greater than 20-30° F./increment. 


entering 





reaction velocity constant based 
on thermodynamic activities 
6 = time 


Table 2.—Expansion Factor 


Conversion Literature 


Material 5 Cited 


w = total pressure 
0.92 (18) 


0.35 (18) 


tion occurring under conditions such that oe Sens ass as 
a se shawn . ¥ . n-Butene ‘ . 
the gases behave ideally (such condi- a... 0.25 +6 (3,14 


tions prevailing in a pyrolysis coil). »-Butene ... 1.00 + 0.30 (13, 19) 
The reaction velocity constant k, is 'sebutone .............. 1.00 + 0.304 (10, 19) 


based on reaction rate data correlated 


. Ethane 
for a first-order, irreversible decomposi- Propylene 
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When 


a series expansion of 
Aa, ) 
a 4o 


Aa, 


where Aa, A245 a4, Aa 1s 


small, 


n( 1 


y ields 


In 


l , I 


BAe 


Thus, Equation (8) becomes 


knAl’ , 
Co 


. Aa, 
oO) 


For example, for ethane cracking when 
present in the 
0.92. Hence 


charge 
the basi 


no imerts are 
n, = 0 and 6 = 
rate equation becomes 


knrAl , 


1+ 092a,, 
Aa ‘ . 
/ 1 — ag, 


Calculation Procedure 


With the basic equation established 


it remains only for one to proceed 


through the 


ments of volume 


coil using stepwise incre 
he computation pro 
for increment is as 


cedure a typical 


follows 


Assume the average gas temperature for the 
increment 

Assume the average gos pressure for the 
increment 

Obtain the valve for 


constant from o plot of k vs. temperature 


the reaction velocity 
conversion 

Naa: 

Check the assumed temperature by a heat 
the The de 
signer value of the 
heat flux on the outside of the tubes; this 


Calculote the incremental 


(aa, @a,) 


balance over increment coil 


will have at hand a 
volue of flUx used by the 


Of the total heat sent to 


will be the same 
furnace designer 
the increment, a portion will go to endo 
thermic cracking and the remainder to sensi 
ble heating of the gases 

Check the assumed pressure by a friction 


drop calculation 


hion ca 
length of 


conve! 


ln a milar ta 
throughout the 


the 


the coil 


son ! 


made 
desired exit 
When the 
completed, it may be found 
too 


until 
calculations are 
that the 
low for subsequent 
that the 


the tube metal 


reat hed 


exit pressure ts 
sing 
perature ts 


proce equipment, of tem 
too high 


to withstand. In 


tor 
such cases it may be 
necessary to repeat the calculations un 
til conditions are as desired 

Product distribution 


those given by Schutt (/8) are used for 


curves such as 
both the analysis of the final cracked gas 
for the compilation of physical 
properties of the gases at intermediate 


and 
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For 
cracking are calculated for several dif 
and plotted 
with 


conversions example, heats of 


ferent temperatures then 
tem 


will 


reactant conversion 
perature parameters. These 


be clarified in the example problem 


against 


steps 


Mixtures 


The design Equation (8) or (8a) wa 


developed for the case in which only 
component 0 the feed 
Olten it 
recycle certain cracked products in or 


This 


mixture 


one un lerg es 


cle composition is desirable to 
results in 
For 


der to increase yields 
the cracking of a 
the equation is 
but additional preliminary work must be 
done. If a mixture of 75% propane and 


mix 


tures same basic used 


25% propylene is being charged to the 
set of 


curves must be prepared with separate 


reactor, a product distribution 
curves for propane and propylene and 
with the technique described by Schutt 
(18). Then, the effects of temperature 
and heat of 
heat 


cracking 
molar 
sion, ind 
With these working charts at hand step 
wise calculations are carried out through 
the key reactant 
inert It 

may no 


conversion on 


capacity, viscosity, expan 


etc., are computed plotted 


the coil with propane as 
A and 


must be 


propylene as an 
remembered that 8, 


longer be constant; however, its value 


never changes greatly with conversion 


and Equation (8) may be used with 
periodic adjustment of the value of 8, 

Whether one is dealing with pure ma 
terials or mixtures, the final step is al 
ways to obtain final product composition 
the Schutt or 


equivalent 


trom curves of their 


Example Design 


Calculation procedures such as those required 
for the design of a pyrolysis coil are best de 
scribed by an example problem and its solution 
Hougen ond Watson (6) described the design of 
a benzene pyrolysis unit in such a manner, but 
only two simultaneous reactions were involved 
and calculations could be made with the aid of 
individual reaction rates. The following example 
will illustrate effectively the techniques involved 
when a number of indistinguishable reactions 
ore involved. 

it is desired to design a pyrolysis coil for 
processing 7,000 Ib./hr 


75 mole % propane and the remainder propy 


of a mixture containing 
lene. The furnace arrangement is such that the 
flow is in one continuous pass through a series 
of horizontc! tubes connected by we'ded return 
bends 
be considered; the chorge enters this zone at 
1,000° F. and 60 Ib 


ing 1n @ convection zone 


Only the design of the radiant zone will 


sq.in.abs. after a preheot 
The effivent from the 
radiont zone must be at a pressure no lower 
than 10 Ib./sq.in.gauge, in order thot flow may 
be maintained through downstream equipment 
At this point the conversion of propane in the 
charge is to be 65%. 
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The 4-in 


fA ® 


radiant tubes * to 
Schedule 4) 
steel, of 24 ft.-O in 
12-in 


austenitic-type 


stainless straight 


length and located on centers 


The 


or er 


maximum practical temperature 


ivailable alloys 1s 


Above 


istenitic 


onomicalls 
1.500° 


the 


ibout this tempera 


ture even stainless steels 
deformation 
llence 
effluent from the radiant zone should be 
1,475° I All tubes } 


anc 
to be exposed to a 
B.t.u it.) 


are subject to excessive 


(creep) and oxidation the 


no higher than 
bends are 
10.000 


sur tace 


returt 
heat 


mit ide 


(hr.) (sq 


flux of | 


General Comments 


ippeat that the tubs ize tem 


itions 
the de 


perature, and pressure specili mn 


' 


pose 
mn « ilculations As "W 


too severe a restriction on 


many enginect 


nroblems, however, it is ne 


ng ce wh 


iry to tart with certain assumed 


calculations, not 
the 4-in 


matiwor It 


‘ Prelimimary 
hown 


i a first 


here uggested tubs 


approx may 
too 


calculations tor 


which 
other 


0 large or mall, in 


additional 

izes will be required 
It is assumed that the 
will allow convection-preheating of the 
charge to 1,000° F, The detailed calcu 
that 


nt section design is not especially 


furnace ce gn 


ito which follow will show the 


ensitive to the inlet temperature as long 
is itt 1200° FF. (the 
incipient cracking” ) 

The 
le teel 
tet 


below ‘poimt ol 
exact specification on the tau 
for tubes and return bends is 


included since it is not pertinent te 


the problem at this point 


Working Charts 
Prion 


tions it 


to the tart of design calcula 
that certain working 


these chart 


desirable 
charts be prepared Use of 


and a ure 


the 


recauce chance s lor or 
methodical 
Working chart lor 


hown as | 


olution of problen 
the example prob 
gures | 
gure 1 shows product dists 
taken the 
for propane and propylene preé 
chutt (J&) 


on it} 


ibution 
eparate chart 
ented by 


curve Irom 


( alculation tor the mix 


ture are widitive ba with rela 


tive 


ippe 
locity 


rate 


of propane and propylene di 


} 


irance | taken fros ( ve 


Table 1. M 


cak ulation s determmed at 


eimng 
constant data of ite? 
al balance 
everal 


(Figure 1) show that 8, the molar ex 


value of propane conversio 


pansion tactor ha an ¢ entially con 
tant 
065° conversion 


Material 


together with data on heat ot 


value ot ORS overt the range ot! 


balance calculated from 
Figure | 
formation (17), are used in the prepara 
tion of This pre 


heat of cracki gw as a tunction ot « 


Figure 2 chart ents 


nver 
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sion. It should be noted that ordinate 
values are heats of cracking for the 
mixture based on propane converted 
Heat capacity of the reacting gases is 
shown on Figure 3. Material balance 
data from Figure 1 plus heat capacity 
data from Kobe, et al. (8), form the 
basis of the curves. It should be noted 
that the ordinate values based on 
unreacted charge, which that 
molar expansion is taken into account 


are 


means 


automatically 

Figure 4 presents data for calculating 
the pressure drop of the reacting gase 
The curves are based on a modification 
of the Fanning equation and incorporate 
viscosity data obtained by the method of 
Uyehara and Watson (24). Material 
balance data from Figure 1 are used in 
the region of significant conversion 


Velocity constant values for Figure 5 


OF MIXTURE CHARGED 


OO MOLES 


40 60 


PROPANE CONVERSION, 


Fig. 1. Product distribution curves for 3 


ONVERTED) « 10° 


o 


(8TU)/(L8-MOLE PROPANE 





te) & 


HEAT OF CRACKING. 


PROPANE CONVERSION, PERCENT 


Fig. 2. Heat of cracking for 3: 1 propane : pro 
pylene charge. 
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PERCENT 


1 propane : propylene charge 


have been taken from the plant data for 
propane in Table 1. Concentration units 


of reciprocal seconds have been con- 
verted to units readily applicable to the 


calculations. 


Rate Equations 


The basic rate equation used through 
out the stepwise calculations has been 


de velope d 


kaAl » Aa, 


ny ? 8,44.) 
/ ass sf 


(8a 


and in the region of incipient reaction, 
mall (<0.01), 


when a, 1s one may 


write 


h wAl R 


(1+ n,)Aa 
] i A 


TOTAL CHARGE ) 


CAPACITY, 


HEAT 
(8TU)/ (°F LB- MOLE 


kwAl R 
Fi(l-4 


Aa, (8b) 


ny) 


for 


initial 


The latter convenient 
probing the point of 


conversion, after which Equation (8a) 


equation 1s 
significant 


1.0 (propane) is con- 
sidered, 0.25 /0.75 0.33 
(propylene). 8, = 0.83 = constant as 
noted above. The total propane fed per 
charge, is 


is used. If my, 
then my, 


hour, based on 43.5 mole wit 


(7.000) 
(43.5) 


M/5) 


= moles 
120.7 


hour propane 


The total feed is 7,000 /43.5 


moles 


160.9 
hour total feed 


If an increment equal to one tube plus 
a return bend is considered, the result is 


Chemical Engineering Progress 


Fig. 3. Heat capacity for 3 


Volume, cu.ft. (AV zg) nine 
Heated surface, sq.ft. outside .....30.0 
Heat input, B.t.u./hr., (Aq)... .300,000 
Equivalent length, ft. (AL) ...-44.0 
which completes the basic working data 
required. 


Stepwise Calculations 


INCREMENT | 
Assume: 


1,026° F. 
59.6 Ib 


Average temperature 


Average pressure sq.in.abs 


From Figure 5, k 2.0 x 10* Ib. moles 


(hr.)(cu.ft.) (Ib. /sq.in.abs.) 
By Equation (8b), Aa. 


2.0)(10*)(59.6)(2.24) 
120.7)(1.33) 


TEMPERATURE, *F 


1 propane : propylene charge 


Hence, there is no significant conversion, and 
only sensible heating needs to be considered. 
For this, the heat capacity is 36.1 B.t.u./(° F.) 
(Ib. mole total feed) [Figure 3], and 


300,000 _ 
(36.1)(160.9) 


v Aq, _ 52° F 
(CF) 
From Figure 4, the pressure drop factor is 1.04 
Then, 
es (Factor) \L) q 04(44.0) 

T 59.6 


0.77 |b./sq.in 
Summarizing, lor increment B 


eT 


..- 1,026 


Exit temperature, ° F 
Average temperature, ° F 
Exit pressure, lb. /sq.in.abs. 
Average pressure, lb./sq.imabs. ... 
Exit fractional conversion 


INCREMENTS 2-4 


As in increment 1, no significant conversion 
occurs 


Detailed results are summarized in 
Table 3. The gases emerge from incre- 


ment 4 at the following conditions : 
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Temperature I 
Pressure, Ib 
Fractional 


sq.in.abs 


conversion 


INCREMENT 5 
Assume: 

1,224° F. 
56.2 |b. /sq.in.abs 


Average temperature 
Average pressure 


From Figure 5, k 0.0125 Ib. moles/(hr.)(cu. 


ft.)(Ib. /sq.in.abs.) 


(0.0125)(56.2)(2.24) 


By Equation (8b), Aa, - 
(120.7)(1.33) 


0.010 


Heot of cracking, from Figure 2, is 38,000 
B.t.u./lb. mole propane converted. Then, the 
total heat of cracking for the increment is 


\q, (Aa4)(AH, F) 


0.01(38,000)(120.7) 45,800 6.t.u./hr 


The sensible heat is then calculated: 


\q Aq — Aaqe 300,000 — 45,800 


254,200 8.t.u./hr 


7000 LBS/HR CHARGE 
40°10 TUBES 


BASIS 


Orr (PSi) + UL (FT) a FACTOR 


Troray (PSIA) 


a 
° 
- 
Vv 
at 
- 
a 
° 
a 
a 
ro 
a 
2 
” 
w 
oe 
a 
a 


i200 00 
TEMPERATURE, *F 


Fig. 4. Pressure drop factor for 3:1 propane 


The heat capacity from Figure 3 is 38.6 B.t.u 
F.)(Ib. mole total feed), and 


254,000 


. . 41° F. 
38.6)(160.9 


\V 
From Figure 4, the pressure drop factor is 1.21. 
Then, 


1.21)(44.0 
56.2 


An 0.95 Ib./sq.in. 


Summarizing, tor increment 5, 


Exit temperature, °F 
Average temperature, ° F 
Exit pressure, Ib./sq.in.ab 
Average pressure, Ib./sq.in.abs. 


Exit fractional conversion 


INCREMENTS 6-20 


The technique used for increment 5 is con 
tinved, with the exception that Equation (8c) 
replaces (8b) for the computation of the incre- 
mental change in conversion. 
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for each of these increment 
pre 


Results 
together with supporting 
sented in Table 3 


data, are 


Final Results 
Results are summarized graphically in 
this 

prediction of 


nature are 
the 


vat ible 


Figure 6. Curves of 


quite useful for the 
effect of changes 


The coil outlet conditions are 


in operating 


Temperature I .. 1,469 


Pressure, lb 30.7 


Conversion, % 71.7 
and a total of 20 tubes is required 

It will be noted that the outlet condi 
tions fulfill the requirement of minimum 
maximum temperature, and 


The 


may, if de 


pressure 
analysis of 


ired, be 


minimum conversiot 
the effluent mixture 
taken directly from Figure | 
Notation 

A frequency factor in Arrhenius equo 


tion 


propylene charge 


thermodynamic activity 


heat capacity at constant pressure 
B.t.u./(Ib.-mole)(° F.) 
energy of activation, kcal 
feed rate of key reactant, Ib.-moles 
hr. 
= total feed rate, tb.-moles/ hr 


B.t.u 


constant 


heat of cracking, Ib.-mole 


reaction velocity based on 
thermodynamic activities 

reaction velocity constant based on 
concentration units 

coil length, ft 

Ml length of one increment 

number of moles 

quantity of heat added, B.t.u. /hr 
Aqs sensible heat for one incre 

ment 

Nay heot of cracking for one 

increment 
universal gas constant 
Ib.-moles/(hr.)(cu.ft.) 


reaction rate, 


reactor volume 
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Tust wuMeES 


Fig. 6. Coil analysis curves for 3:1 


swe KET Psa 


’ .8- MOLES 


VELOCITY CONSTANT 


REACTION 


"00 (200 1300 


TEMPERATURE. *F 


Reaction velocity constant for propane 


Fig. 5 


TEwmPer aT vuRe 


PADIANT ONE 


propone : propylene charge 


absolute temperature 

temperature, ~ F. 

At temperature change for one 
increment 

reactor volume, cu.ft 


AV, volume of one increment 


GREEK LETTERS 


fractional conversion 


Aa fractional conversion for one 
increment 
molar expansion factor, moles expon 
sion/mole converted 
tote! pressure, tb./sq.in.abs 
Ar pressure drop for one incre 
ment 


time, hr 


SUBSCRIPTS 


key reactant 
inert material 


= total 
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Table 3.—Summary of Stepwise Calculations 


38.6 


36.8 37.5 


36.1 


0.0002 0.00063 0.00192 0.00500 0.0125 0.0245 0.043 
3 38.1 


Iilustration on the first page of this article 
shows a large commercial cracking unit (courtesy 
of The Lummus Co.). 


Fig 
b. mole 
hr 





CORRECTION 


In the article on UREA in the July is- 
sve, page 328, it was erroneously stated 
that the Sumitomo Chemical Co. plant at 
Niihama, Japan, was designed to pro- 
duce 12 tons/day of urea. This should 
have read 120 tons. In the Discussion on 
page 331 the correct figure is given. 


10° B.t.u. 
> F.)(mole)(Fig. 3 


10° B.t.u./hr. 


Increment Number 
)-Ib. /sq.in.abs 
10° Btw 
Ib. /sq.in.abs 


moles /(hr.)(cu.ft 
cracking, 


5) 
Aa (assumed) 


a, 


, tb./sq.in.abs 














Feeg (assumed), Ib./sq.in.cbs. 
Tove (calc.), Ib./sq.in.abs. 


Exit temperature, ° F. 


Heat capcity, B.t.u. 
Aw factor (Fig. 4) 
Exit pressure 

Exit conversion 


toeg (assumed), 

Left side, Eq. 8a 
Right side, Eq. 8a 
@,, corrected 

Ht. 

Total ht. cracking » 
Sensible hect 





k, 


Chemical Engineering Progress August, 1954 





Fig. 1. One-piece type 
Monel demister element, 6 
in. thick, 48 in. in diam. 


ENTRAINMENT SEPARATION 





wire-mesh 


performance of 
wire-mesh demisters 


Otto H. York 


Otto H. York Co., Inc 


West Orange, New Jersey 


A wire-mesh demister consists of a knitted wire mat mounted on a light-weight 
support grid. The wire mesh most commonly used is fabricated with 0.011-in. wire to 
a density of approximately 12 Ib./cu. ft. and has a surface area of 110 sq. ft./cu. ft. 
Entrainment separation efficiencies more than 99.9 wt. % are obtained over a 
wide range of vapor velocities. By increasing the impingement targets, residual 
entrainment can be reduced to as low as one part of liquid/10 billion parts of 
vapor by weight. Pressure drop in the usual type of installation is extremely low 
and rarely exceeds one inch of water gauge. Wire-mesh demisters permit opera- 
tion at vapor velocities which would otherwise be excessive. 


Various improvements in the operation of process equipment result. These include 
the elimination of liquid overhead losses, or the increase in quality of overhead 


product. 
presented. 


n the design of process vessels handling 

both liquid and gas phases, it is cus- 
tomary to calculate the tower diameter 
from the allowable vapor velocity, which 
is calculated from the equation 


2 ) 
K V Pi Po 
Py 


where 


U = superficial velocity, ft 
fcu.tt 
cu.it 


p, = tiquid density, Ib 
Pg = Vapor density, Ib 


K is a constant ranging from 0.04 for 
6-in. plate spacing to 0.205 for 36-in 
spacing 

With correct bubble-cap and liquid 
downcomer design, liquid entrainment 
becomes the limiting condition; means 
for entrainment control are then re 
quired to permit operation at the higher, 
vapor 


In some processes substantially com- 


more economical velocities 


plete entrainment separation may be 
required without regard to operating 


velocities. In vacuum towers producing 
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gas oil for use as feed to catalyti 


cracking units, the liquid entrainment 
carries two objectionable materials 
asphaltic bodies and catalyst contam 
inating metal impurities. In ethano 
lamine and glycol contactors 


results in 


entrain 


ment direct loss of valuable 


materials. In gas absorbers entrain 


ment of absorption oil decreases the 


solid-bed 


evaporator ‘5s tem 


desiccant life in dehydra 


tion towers In 


entrainment may ¢ fouling of cor 


denser tubes 
transfer. In 


iuse 


thereby decreasing heat 


vacuum evap itor e1 


trainment frequently means direct k 


ot product through the barometri con 


denser. In atomic-energy installation 


complete separation of entrained radio 
utions is 


active so required to prevent 


radioactive contamination 
Experimental studies and actual plant 

installations prove that the entrainment 

problems mentioned can be controlled 


with wire-mesh demisters, even at vapor 


velocities well above the allowable 


velocity as calculated by the established 


equation 
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Case histories for chemical plant and oil refinery installations are 


Description of Wire-Mesh Demisters 


A complete wire-mesh demister consists of o 
sup 


ony por 


suitably designed knitted wire-mesh mot 
ported on a light-weight grid. For 
ticular application the wire diameter is selected 
by giving proper consideration to separation 
efficiency and mechanical strength requirements, 
and cost. Various choracteristics of wire mesh 


can be selected to fall within the following 


ranges 


0.003 in. to 0.016 in 
92 to 99.4% 

3 to 33 

50 to 600 


Wire diameter 
Free volume 
Density, Ib./cu.ft 


Surface area, sq.ft./cu.ft 


A commonly used demister mesh is made with 
0.01 1-in. diam. wire to a free volume of 97.7% 
in 18-8 stainless steel the density 
motely 12 Ib 


approximately 


is approxi 
with a surface orea of 


cu ft 


cu.ft, 
TIC sq.ft 


sembly consisting of a 4in 


A demister os 
thickness of this 
wire mesh mounted on a light weight support 
grid has a weight of approximately 5.6 Ib./sq.ft 
The static 
mately 10% based on the weight of the wire 


mesh, or less than 2% of the demister volume 


liquid holdup (woter) is 


approxi 


To obtain very high seperation efficiencies, 
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the wire diameter is decreased and the density 
and thickness are increased. 

For smaller vessels where the installation of 
a complete circular demister in a one-piece 
assembly can be made through the end opening 
of the equipment, the element is constructed by 
rolling the wire mesh upon itself to the desired 
diameter. These elements are usually 6 in. thick 
and are generally limited to about a 48-in. diam. 


A Monel element is shown in Figure 1. 


Fig 3 Sectional-type 
stainless steel diameter, 4- 
in. thick wire mesh on 
support grid sections, with 
removable manwoay section 
For larger vessels and for all applications 
where installation is to be made through a man- 
hole, the sectional-type demister is used. Provi- 
sions can be made for downcomers, pipes, re- 
movable manways, etc. Figure 2 shows a 4-in. 
thick demister with grid for a 7-ft. O-in. 1.D. 
tower with a removable manway section in the 


demister. 


Description of Operation 
The separation action is that of im 
liquid particle strikes 
surface and is momentarily 
However, the smooth con- 


pingement. <A 
the wire 
held there 
vex surface of the wire does not pre 
which easily 
result that 
immediately 


sent the type of surface 
with the 


almost 


remains wetted, 
the liquid 
flows downward along the wire surface 
adjacent wires 

These spaces 


drop 


to a point where the 
provide capillary space 
may be considered gathering stations 
for the liquid. In operation each wire 
crossing rapidly overloaded, 
with the result that definite downward 


liquid flow patterns occur 


becomes 


Fig. 3. At 10 ft./ 
sec. air velocity 
there is no visible 
entrainment car- 
ry over through 
the demister. 
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A 6-in. diam. transparent bubble-cap 
column was set up to demonstrate the 
separation action. The action obtained 
with a vapor velocity of 10 ft./sec. is 
shown in Figure 3. A full stream of 
collected liquid can be seen returning 
from the demister element. The experi- 
mental equipment with no flow 
at the conclusion of the test is 
in Figure 4 


vapor 
shown 


Allowable Vapor Velocities 

In the operation of a wire-mesh de 
mister three different 
action. The velocity force of the vapor 


torces are in 


tends to carry the liquid drop upward; 
impingement stops the upward motion 
of the particle, coalescing occurs, and 
the force of gravity tends to pull the 
now larger drop down; the third force 
is that of surface tension, which is not 
lower surface 
of the demister element. Her: 
tension holds the liquid until drops are 


important except at the 


urlace 


formed which are large enough so that 
the force of gravity exceeds the com 
bined velocity and surface 
tension with the result that the 
torn away from the wire-mesh 
surface. These drops are then of suf 
ficient size so that they will continue 


force of 
large 


drop is 


to fall against any reasonable velocity. 

Referring established 
velocity equation: the K values as shown 
\ will apply to free-flowing 
entrained liquids being separated by a 
standard 12 Ib./cu.ft. wire-mesh de- 
mister, 


again to the 


in Table 





Allowable 
K Value 


0.12 
0.15 
0.19 


0.22 
0.25 
0.29 


0.32 
0.35 
0.38 


0.40 
0.42 
0.43 


Disengaging 
Height (in.) 


“oO ONO Wa 


-_— 
awn 
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Efficiency 
a 


tensive 


cr ynducted ex- 
separa 


Carpenter (1) 
studies on entrainment 


tion efficiency in an evaporator which 


under a 
Separa 


operated with salt solution 

variety of operation conditions. 
tion efficiencies more than 99.9% 
obtained over a wide range of operating 


were 


velocities. 

The efficiency curve shown in Figure 
5 has been derived from a large number 
of test data on various different types 
of conventional process equipment. 

In the separation of hydrocarbon 
liquids from natural gas wire-mesh de- 
misters are designed and fabricated to 
meet a guarantee that not more than 0.1 
gal. of liquid will remain per million 
actual cubic feet of effluent gas 

In the separation of radioactive solu 
tions from vapors a high degree of 
separation efficiency is required. The 
residual en 
part per 

weight 


original requirement of 


exceed one 


parts ot 


trainment not to 
10 million 
was increased to part 
and then to one part per 10 billion parts 
of vapor by This is accom 
plished by the use of a 3-ft. thick bed 
of high density wire mesh made with 


vapor by 
one per billion 


weight 


a fine diameter wire. Liquid wash is 


added to produce a dilution effect. 


Pressure Drop 

In nearly all applications the pressure 
drop through a wire-mesh demister is 
so low that it can be considered neglig 
ible for all practical purposes. In the 
pressure 
drop rarely exceeds 1-in gauge 
Experimental data are given in Figure 
6 


usual operating ranges the 


water 


installation Details 


Since wire mesh is not a rigid ma- 
terial, it must be supported on suitable 
minimum 


obtain pressure 


grids. To 
drop, maximum throughput, and max 
imum efficiency, the support grids must 
high per cent of tree passage 
to take full advantage of the 
approximately 98% free volume in the 
wire mesh, the passage through 
the support grids should not be 
90% (Figure 7). Ii the 


have 
In order 


iree 
much 


below iree 


Fig. 4. At the 
conclusion of the 
test the water on 
the upper tray is 
entirely cleor; 
there is no de- 
tectable evidence 
of colored liquid 
carry over from 
the tray below. 
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CIENCY 


EFF) 


Fig. 5. Liquid en 
trainment separation 
efficiency from air or 
steam of a 4 in. thick, 
12 Ib./cu.ft. demister 
at standard tempera 
ture ond pressure 
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aor 


PRESSURE 


Fig. 6. Pressure drop for 
a 4 in. thick, 12 Ib./cu.ft 
wire-mesh demister at stan 
dard conditions 
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— = ‘ 


teh __ 

















_—— 


Fig. 7. Open-type support 
grid sections do not restrict 
liquid returning against 
vapor flow 
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passage through the support gr 
ippreciably this 
cumulated liquid will be prevented irom 


draining back through the support grid 


will result 


below figure, the ac 


ind improper 
Conventional steel grating or expanded 


operation 


metal are not suitable supports for 


wire-mesh demister element ind 


pecific instances a switch to light 
weight support grids changed an un 
satisfactory installation into a success 
ful one. 

The 
misters 1 
and the cost of 
total labor to 


demister should not 


installation of wire-mesh ce 
a relatively simple procedure 
The 


diam 


installation is low. 
install a 12-ift 
exceed 40 mar 
hours. 
Since the 
good fit 


sections 


sh material is resil 
the 
between 


wire-me 
between adjacent 
the cde 


wall 


rent a 
demister and 
and the vessel 
difficulty. It is 

make that no 


remain if a high degree of 


mister sections 


obtained without 


course necessary to ure 


gap epata 


tion efficiency is required 


The demister assembly consisting of 


y 
~ 


the mesh and grid section i 


usually mounted on an annular 


wire 
upport 


ring. In those applications where it i 


necessary to anchor down the dem 


to provide against sudden velocity in 


creases, it has been found that tying the 


demister sectior with approximately 


0.05-in. diam. wire usually provides a 


fully satistactory installation Bolting 


other elaborate methods for ecuring 


the demister are usually unnecessary 


Economic Considerations 


Demister « vill 
upon size ind 
IT he total ct 


including gt 


struction 
demiuster € 
capacity of 50,000 cuft./min 
tee] 
verage $24.00 


) (min ) rhe operation i 


tructed entirely tainle 


or Monel 
(1.000 euft 


metal 


fully automatic with no instrumentation 


required; operating and maintenance 


they 


There are no 


costs are so low can be con 


negligible moving 
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and high separation efficiency is ob 


tained over a wide range of velocitic 


Typical Applications 
GLYCOL ABSORBER 


diam. seporator 


In a gasoline plant a 15-in 
the 8-in 


located in gos exit line 


Because of 


vessel was 
from the top of a glycol absorber 

the 
removed ond oa 


188 


cost of 


inadequate entrainment recovery vane-type 


mist extractor element was 


wire-mesh demister element constructed of 


stainless steel was installed at a total 


$317 


tional 


showed an addi 
96% by 


At a cost of 


Tests were made which 


recovery of 4.9 gal./day of 
weight triethylene glycol solution 
$2.25/gal 


in twenty-nine days 


the entire installation wos paid for 


COMPRESSOR SUCTION KNOCK-OUT 


The maintenance of the compressors on a 
wor 
the 
cylinders and the valves would last thirty days 


the 


catalytic cracking unit wos excessive It 


impossible to get proper lubrication in 


or less. Investigation showed source of 


trouble to be in the suction line from the re 


ceiver to the compressor. Heavy gasoline which 
could not be vaporized in the suction heater en 
tered this line and carried into the compressors 
Lube oil 


coated with o soft cokelike material 


would be diluted and valve surfaces 
To correct this operating difficulty a Monel 
2 .-8 in } ft..10% in. * 12 
in. thick mounted on a Monel light-weight grid 
the the 


The entrained liquid was removed and 


metal demister 


was installed on suction side of com 
pressors 
drawn off. After this demister was installed, the 
compressors ran longer than one year without 


extra maintenance 


PACKED COLUMN 


In a 441. diam. packed column used for 
scrubbing organic moterial from steom by cir 
culating caustic solution on the packing, a steom 


rate of 3,000 Ib./hr 


vided caustic spray in the steam from the open 


gove rise to a finely di 
top of the tower. The installation of a 6-in. thick 
demister entirely eliminated any objectionable 
coustic spray upon the surrounding area. This 
installation has given over three years’ satisfac 


tory operation with no maintenance costs 
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VACUUM ASPHALT TOWER 


The experience of the Sinclair Refining Co.'s 
Marcus Hook refinery is reported by H. S. 
Fourer (2). The vacuum tower is shown in Figure 
8. The demist has made possible an 
increase in the feed capacity by 30 to 35%, 
with the same per cent overhead yield, and the 
Some 





maintenance of gasoil quolity. results 


are shown in Table B. 





2 ‘ 
stctior 
‘ 


ne GANA TS 














Fig. 8. Demister location 
in @ 21-ft. diam. reduced 
crude vacuum tower. 





Table 8.—Demister Pad installations 


After 
Installation 


26,500 


Before 
Installation 


Feed, bbl. day 20,000 
Superficial vapor veloc 
ity, ft./sec 4.5 
Gas-oil carbon residue, 


Os FOS acess 
Asphalt penetration 


10.6 


300 





VACUUM TOWER 


The application of a wire-mesh demister to 
effect a reduction in metals contamination of 
gas oils is described by D. H. Stormont (3). A 
17-4t.-8-in. diam. tower, taking a topped crude 
feed of 35,000 to 40,000 bbi. or more daily, 
delivers 60% bottoms, 10% side 
30% overhead products. A wire-mesh demister 
blanket was installed to reduce catalyst poison- 


draw, and 


ing by poor quality gas oil feed to the Thermofor 
Catalytic Cracking unit. A comparison of metals 
content before and after installation is shown in 
Table C. 


LUBE OlL TOWER 
A demister 18-ft.-6-in 
diam. vacuum tower charging approximately 
25,000 bbi./day of reduced crude and produc 
ing overhead and sidedraw lube distillate cuts 
Total demister 
mately $5,000 
obtained: 
1. The improved quality of lube distillate re 


was installed in an 


installation cost 


Three different 


was opproxi 


benefits were 


duced quite considerably the cost of subse 
quent processing, including clay treating 
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Table C. 


Vanadium Nickel 


30 28 
3 3 96 
3.5 3.5 36 


Before blanket installed (11/28/51) 
Blanket in place (4/22/52) 
Blanket used 1 year (4/23/53) 


Sidedraw Stream 


(p.p.m.) 
Overhead Stream 
Ash 


Ash Vanadium Nickel 


136 2.0 2.0 18 
0.09 0.03 4.3 
0.16 0.17 6.3 





An increase in throughput rate of approxi- 
mately 20% was obtained, still maintaining 
high product quality. 
A lower cost reduced crude, previously un- 
usable because of extremely bad color, 
could now be used. 


Detailed figures are not available but 
summary calculations for this installa 
tion show a net annual saving of ap 
proximately $1,000,000. 


Caustic Evaporator 


A serious entrainment problem ex 
isted in the 10-ft., 6-in. diam. vapor 
disengaging head of a forced circula 
tion type of caustic 
operating at 70,000 Ib./hr. at 
22-in. Hg vacuum. A _ specially 
designed 12-in. thick high efficiency 
nickel wire-mesh demister was installed 
the entrainment was reduced to a 
well below the 
maximum. 


soda evaporator 
190° F. 


and 


and 
figure guaranteed 6 


p.p.m. 


Compressor Suction Drum 


Considerable maintenance difficultie 
were being experienced in propane com 
pressors, probably due to water entrain 
ment in the compressor intake. A 6-in 


thick wire-mesh demister was installed 
in the 4-ft.-6-in. diam. knockout drum 
ahead of the compressors. During six 
months of operation, the following re 
sults 


were noted: 


(a) No scale has formed on the compressor 
valves, whereas previous to the installations, 
scale had formed rapidly. 

Compressor valve maintenance has been 
sharply reduced (40%), and it has been de- 
cided that 
due to entrainment. 


remaining maintenance is not 


) A centrifugol separator, installed down- 


stream from wire-mesh demister at the same 


ister was instolled, 





time the wire-mesh d 
has collected no entrainment. 
Pressure drop through the wire-mesh de 


mister has been less than ‘2 in. of water 


Literature Cited 
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CORRECTION 


In “Distillation Control Problems 
Application of the McCabe-Thiele Dia- 
gram” (C.E.P., June, 1954, page 312), 
authored by R. L. Bauer and C. P. Orr, 
lable 1, on page 313, has been corrected 
to the values shown below in light face. 


Old values, incorrect, are shown 1n 
bold tace. 


Also on page 313 under Control Sys 


now 


tems Studied, c. should read as follows 


‘Composition control of the liquid on a 


plate in the stripping section by varying 
the amount of boilup [not holdup] 





Table 1 


D 


0.372 


0.400 0.371 


0.024 


0.020 0.023 


0.024 
0.023 


0.024 
0.023 


0.0007 


0.010 0.0008 


0.040 


0.012 
0.011 


0.0013 


0.010 0.0019 


0.040 


Vv L 


1.618 
1.615 


0.990 
0.986 


1.255 
1.254 


1.255 
1,254 
1.255 
1.254 


1.255 
1.254 
1.255 
1.254 
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catalytic oxidation 
of aqueous wastes 





John Oliver 





E. I. du Pont de Nemours and Company, Charleston, West Virginia 


This paper covers operating experience with a catalytic oxidation unit 
installed to dispose of aqueous waste materials obtained from an 
ethylene glycol synthesis operation. 


T: ethylene glycol synthesis proces support combustion of the organics with 
produces quantities of dilute organic air without the use of additional 

the installation of large heat exchanger 
catalyst which will 
level of o 


to al \ ow em 


fuel 
ich cannot be recov 
equipment or 


aqueous wastes wi 


ered in availabk the use of a 
Further, the 


in the waste 


process 


concentration of organics desired 


streams is insufficient erature 


WASTE STREAM A WASTE STREAM 











QUANTITY 15000 L&/HR QUANTITY 


IAGANIC 5 s3/, ORGANICS 


FORMAL DEHYDE HIGHER ALCOHOLS 


ME THANOL 


MONOBASIC ACIDS 


947% WATER 


WATER 


HEATING VALUE 220 PCU PER LB HEATING VALUE G10 PC 
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catalytic burning of gases 


meet this waste-destruction problem a 


catalytic oxidation unit, originally de 


veloped as part of a plant-wide prograt 
pollution (7) was con 


to reduce river 


rele red 
The onomics of di 


by the 


posing ol 


catalytic proce was com 


threc cotive methods which 


ble competitors 


1) recovery of the organic material by 


the installation of additional process 


equipment, (2) recirculation of the 


vaste recovery 
and (3 


streams 


streams for additional 


n existing process equipment 


mple combustion of the waste 


by wu ol idditional fuel in order to 


reach the re oxidation tempera 


ture As a result of this comparison the 
installed 
the 


ipproximate 


italytic oxidation proce was 


bigure l vive the analyses of 


waste streams along with 
values The commercial 
designed to handle 
eam A 


having a 


heating equip 


ment was 15,000 
lb./hr. of waste 
5 3 
value of 220 p.c.u 
unit) /Ib 4000 Ib./hr. of 
Bi 15% or 
of 910 p.c.u./Tb 

represent a 
32.100 Ib 


‘ ontaining 
organics and heating 
( pound centigrade 
and waste 


tream mitaming ganics and 


eati value 


lhese t iste stream 
day 


(BOD 


river pollution load of 


ol hologn il oxvgen demarmn 


a diagram of the 
, 


Figure 2 


pro es 
' | ; 
ovicte eT i! 


lhe 


equipment 


installation important equipment 


pieces are the air blower, the heat ex 





change surface, and the converter con 
taining the catalyst. This is the equip 
ment used in normal operation to obtain 
oxidation of the The other 
equipment is employed for reaching the 
initial ignition temperature or for pro 


wastes. 


viding temperature control during opera 
The piping by the 
dashed lines was added after start-up to 


tion represented 
obtain the desired operating perform 


and will be described in 


detail later. 


ance greater 

The converter containing the catalvst 
bed is the only piece of equipment de- 
signed specifically for this waste-oxida- 
The principal features are 
The crosshatched 
fire 


system 
Figure 3 
insulation of either 


tion 
shown in 
indicate 
brick or the cast variety 


areas 
No weakne sses 
the 


one 


have been encountered in design, 


and it has 
overheating 


come through serious 


experience with damage 
only to the catalyst support trays, which 
are easily replaced 

A brief description of the start-up 
procedure and normal operating control 
Waste stream A is in the 
vaporized state and comes to the oxida 
unit distillation 


column. Before the catalytic oxidation 


follow 5 


tion from an existing 
unit was installed, this stream was con 
and discharged to the 
Waste stream B is supplied to the oxida 
tion unit in liquid form and 


in a steam-heated vaporizer. 


densed river 


is vaporized 
In a normal start-up (Figure 2) 

blower is and part of the 
heated to 150°C, in the 
steam-heated preheater and then to 250 
C. in the electric preheater, When these 
temperatures are reached and the pilot 
heated to 
quantity of 
For ob 


the 
air started 


air flow is 


converter catalyst has been 
200° to 250°C., a 


waste stream B is introduced. 


small 


vious reasons waste B, containing the 
higher concentration of organics, is nor- 
mally used for the start-up operation. 
Reaction begins immediately in the pilot 
converter, and the exit gas at 550° C. 
provides the necessary heat to preheat 
the main converter to 250° C. to obtain 
ignition of the main gas stream. At this 
point the main line valve L is opened 
and the process is in operation. To level 
the unit for normal operation, the air 
and waste stream flows are increased to 
the desired level. In order to maintain 
the desired reaction temperatures, shown 
in Figure 2, the heat-exchanger by-pass 
valves and the dilution-steam-admission 
valve are adjusted as the concentration 
of organics in the waste streams (and 
consequently the heating value of the 
Che hot 
containing primarily COs, HgO, Os, and 
N. passes through the heat exchanger 
for heat and is then dis 
charged to the atmosphere. There has 
been no atmospheric pollution problem 

On the basis of the original experi- 


streams) varies gas stream 


recovery ot 
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mental data, it was expected that 99+-% 
combustion of the organics in the waste 
streams would be obtained with a feed 
temperature of 300° C. while a copper 
chromite catalyst was used. Copper 
‘hromite was selected after four differ- 
ent catalysts were tested, because it per- 
a spent 
from 


formed as well as others and is 


hydrogenation catalyst available 


another step in the process 


Discussion 


Shortly after start-up of the commer 


unit a few revisions were found 


necessary in order to obtain stable opera- 
With these changes, the unit dis 


cial 


tion. 
poses of the expected quantity of wastes 
with a cleanup of about 97%. The un- 
has given no problem as 
sufficiently 
unde- 


converted 3% 
an air pollutant, as it is 
and dispersed to be 


In retrospect, the author would 


vaporized 
tectable 

install the same facilities to dispose of 
organic wastes of the concentration and 
character encountered in this process if 
the same problem were faced today. In 


fact, a second unit is being designed to 
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WASTE STREAM BS” 
4000 L8/HR 
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t 
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' 
25 PS 
STEAM 
WASTE STREAM A” 

15000 LB /HR 

5°, ORGANICS 








PREHEATER 
f—of , ha 

i | 4 
! 4 


AIR ie HEAT 
FILTER XCHANGER 


velocity of 
The 


heater which increased the 
the gases over the heated surfaces 
problem could have been solved by modi- 
fying the steam-heated preheater, but the 
solution used was the less expensive one 

As soon as the preheater problem was 
lightoff 


were 


and initial was accom 


difficulties 
control in the 


solved 

plished, 
with temperature 
converter. The first step in the solution 


encountered 
main 


of this problem, caused by wide fluctua- 
tions in the concentration of organics in 
the waste streams being fed to the con 
verter, was complete overhaul and re 
pair of corroded bubble-cap trays in the 
distillation column which supplied waste 
A to the process 
tions to the distillation column did not 
provide the degree of uniformity of feed 
for the 
addition of dilution steam to the process 
so that feed 
position might be his 


Since these modifica 


desired, provision was made 


com 
dilu 


variations of 
handled 
tion steam added only an inert 
which leveled the temperature effect of 


wider 
material 


the fluctuations in organic material being 


fed to the converter. It normally would 


be more economical to provide sufficient 





NVERTER 








SAFETY 
HEAD 





l 


300 


A 
Ae 


CONVERTER 


6 








Fig 


dispose of a similar waste stream trom 
the ethylene glycol process. 

The first difficulties encountered dur 
ing start-up concerned the combination 
steam and electric preheaters provided 
to reach ignition temperature in the pilot 
converter. During 
neither the steam nor electric preheaters 


initial operation 


provided the degree of preheat expected 


of them. The difficulty was remedied by 
providing a spacer in the electric pre- 
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capacity in the air blower 


use of excess air instead of steam as the 
diluent material. Steam was used in this 


case because of air-blower design lim 


tations 
After initial lightoff 
uniform performance were secured, the 


and re latively 


unit operated for several days before 
the advent of the next problem 
sive temperature in the heat exchanger. 
Overdesign of the heat exchanger made 


exces 
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it necessary to reduce the quantity of 
cold gas passing through the exchanger 
to the point where it ignited within the 

itself benefit of the 
Excessive temperature at this 
the ex 


exchanget without 
catalyst 
point resulted in exposure of 
changer exit piping and the top of the 
converter to a temperature above thei 
design rhe this 
problem was to install a hot gas by-pass 


The original de 


rating solution to 
around the exchanger 
velopment work had indicated that such 
a by-pass should be installed in prefer 
ence to a cold-gas by pass, but because 
of the difficulties anticipated from trying 
the 


the gas leaving the con- 


to operate an automatic valve at 


temperature ot 
(600° C.), at had been 


verter decided 


to risk obtaining adequate control with 
he 


manually 


hot vas by 
ope 


col trol, and 


the cold vas by ass 
pass installed is 


provides rough 


rated and 
temperature 


this with the existing automatic cold-gas 


by-pass and dilution steam addition pro 


vides satistactory temperature control 


It night seem that the catalyst is un 


se ¢ pe rating cor dition 


ment, an air blower which met the de 
sired capacity and head characteristics 
but provided little excess capacity was 
purchased. Accordingly, if the quantity 
of organics to be handled only slightly 
exceeded the design quantity expected 
there was difficulty in obtaining the de 
sired ratio of air to organics and hence 
In addi 
dilution 


the desired degree of oxidation 
the necessity for 
steam in the process, as 
earlier, further 
sure drop, thus reducing the slight ex 


tion, adding 
mentioned 
increased system pres 
cess capacity originally provided in the 
blower. The only solution to this prob 
lem is the expensive replacement of the 
a larger unit or 
the 
piping to reduce pressure 
catalyst-bed thickness 
reduced to the minimum consistent 


blower with major re 
equipment of 


lhe 


beet 


visions to process 
drop 
has already 


witl 


good cle inup 


\ few other problems encountered im 


the initial operation of this specific un 


basic to catalytic-combustior 


Are not 
One was obtaining 
floating head of the 


processes a pack 1 


material for the 
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Fig. 3 


but after careful analysis it ippeared that 


ignition of the gases in the heat ex 


changer was caused by an unusually high 
the waste 


concentration ot organics 


streams; the catalyst is required to ob 
tain ignition and good cleanup of the 
organic material at normal concentra- 
tion 

Che final major 


lem encountered was that of air-blower 


and continuing, prob 


capacity. In order to conserve on invest 
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heat exchanger which would withstand 
the 
factory packing has not yet been devel 


the 


cooled 


temperature encountered. A _ satis 


| 
necessary to replace 
the 


packing box would wm 


oped and it is 


packing ‘each time unit is 
\ water-cooled 

doubtedly be the simplest answer on a 
The 

the 
element 


for 


new design second problem, the 
location of the 


the 


inlet-tem 


selection of proper 


temperature controlling 


automatic by-pass good 
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the 
solved by « 


perature control of 
nly minor 


The 


convertet was 
relocation of the thermocouple well 
third was a corrosion problem encoun 
tered as a result of incompletely vapor 
going to the unit 
In the 


noncorrosive, 


red waste material 


from a distillation column super 


heated state the vapor 15 


but small quantities of liquid carried 


ovet the miter 


resulted m corrosion ot 
mild steel piping 


has been installed on a re 


connecting Stainless 


pip i’ 
pl iwcemmen}t 
Finally 


i laver of 


teel 
basis as failure occurred 


it was found necessary to install 


ceramic rings on top ot the 
catalyst to prevent deterioration of 
liquid waste 


catalyst as a result of 


pingement olution 1s 


etiect on 


Conclusion 


summary developed 

talled for 
cilute org 
ials ha 


entially 


proce 1 
the catalytic destruction 
annie aqueou te ma 
heet 
ation 


continu 


(ype 1 


rerani rat rial m 


the 
ims \ 


that thi 


‘on ol 
reey ialuation atl 


method of 


aste stre 


the proce imdicate 


di po nme of} dilute waste ] economical 


encountered im this 


Additional 


similar waste dis 


for the conditions 


pecihic unit are 


| proce 


! ilered for 


cing con 
po il problems 
As m any 


careful attention 


other chemical process 


should he riven to the 
the cle vn ota 
(1) 


recient flow 


following factors in 


commercial installation idequate 


control of the ing 


the ‘ 


hould be 

inlet 
control 
lor 
should be de 
(4) 


con 


designed into tem ») 


temperature and temperature-rise 


must he provided (3) provisions 


handling upset conditior 


“l into the process provision 


oT adequate materials of truction to 


handle the pressures, temperatures, and 
condition io he 


corrosive encountered 


c ential 
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CAST HEAT ALLOY REFERENCE SHEET 


N. S. MOTT, Chief Chemist and Metallurgist 


The Cooper Alloy Foundry Co., Hillside, N. J. 


Alloy: Heat Resistant 28% Chromium 
Alloy. 


Designations: A.C.!l. HC; A.S.T.M. 
A297-49T Grade HC; S.A.E. 70446. 


0.50%; 
2%. 


Chemical Analysis: C - Cr. 


26-30%; Ni < 4%; Si « 


Applications: Generally used for 


coarse furnace parts or where high 
sulfur conditions exist. Used for 
salt pots; sintering bars; grate bars 
and tuyeres; rabble arms and 
blades; dampers. 


Machinability: This alloy is readily 
machinable, because of the com- 
bination of low ductility and tough- 
ness with high hardness. 


TYPICAL MECHANICAL AND PHYSICAL PROPERTIES 


Tensile Strength, 1,000 Ib./sq.in. 
Yield Point, 1,000 tb. /sq.in. 
Elongation, % : 
Reduction in Area, % 

Brinell Hardness 


* 24 hr. @ 1400” F. furnace cooled 


Charpy Impact (Std. Keyhole ft.-1b.) 
Mod. of Elasticity (X10° Ib./sq.in.) 
Density (ib./cu.in.) 

Melting Point (° F.) 

Specific Heat (B.t.u./(Ib. F.)) Gi 70° F. 


Thermal Expansion (x 10° in. (in.) (° F.)) ° F. 


Room Temperature 


As Cast Aged * 
83 85 
48 53 

2 ! 

2 1 
210 215 


Thermal Conductivity (8.t.u./(hr.) (sq.ft. F/ft.)) 
as . 


Electrical Resistance (microhms/cu.cm.) ( 70° 


HIGH TEMPERATURE STRENGTH: (Ib./sq.in.) 
Stress Rupture (100 hr.) 

Stress Rupture (1000 hr.) 

Creep (1% 10,000 hr.) 


F. 


1400° F. 


3,300 
2,300 
1,300 


Heat Treatment: Used in “as-cast” 


condition. 


Weldability: Because of the low duc- 
tility and impact resistance of the 
alloy, welding is fairly difficult 
without cracking. Use a preheat of 
250° F. and a postheat of 1650° F. 
for 2 hr. followed by air cooling. 
A rod of similar composition must 
be used. 


MAX. (° F.) TEMPERATURE FOR CORROSION RESISTANCE: 


Air Oxidation Resistance : : 
Oxidizing Sulfur Bearing Flue Gas (Low Sulfur) 
Oxidizing Sulfur Bearing Flue Gas (High Sulfur) 
Reducing Sulfur Bearing Flue Gas (Low Sulfur) . 
Reducing Sulfur Bearing Flue Gas (High Sulfur) 


High Temperature Corrosion Resistance: Gas 


....Good 


Carburizing in Natural 


Molten Neutral Salts (High CH,) ........ 


Molten Metal Resistance ....Good resistance to mol- 
ten magnesium. Not re- 
sistant to molten alumi- 


num, 


General High Temperature Characteristics: 


This alloy has poor resistance to thermal fatigue crack- 
ing; also to the detrimental effect on mechanical 
properties of cyclic heating. Its hot ductility and 
impact properties are excellent, but its high tempera- 
ture strength and hardness values are low. It has 
the best resistance of all the high temperature alloys 


0). 
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Carburization Resistance: 


Pack Carburizing 


Gas Carburizing (< 15% CHy,). Excellent 
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the ROCKY MOUNTAIN SECTION 


cordially invites you to 


Come West... 


R. M. Berry 


—— is a good place to visit any 
time of the year, but in September, 
it displays the brilliant beauty of 
against a background 
The fish—always 
spirited at this 
State fish and 


yellow aspen 
of verdant evergreen 
numerous—are high 
time, and obligingly the 
game regulations make it possible to 
enjoy a good catch 

Glenwood 
Springs, the site of 
the A.I.Ch.E. meet- 
ing, was chosen for 
several reasons. In 
the heart of the 
Rockies at 5,758 
feet above sea level, 
it offers the vacationer almost every fa- 
In the heart of the 
mineral 


cility to be desired. 
great Colorado mining 
processing region it makes possible a 
combination of appropriate technical 
symposia and trips to installations of 
engineering in 


outstanding chemical 
terest. 

September means warm days and cool 
nights in the Rockies. A bit of rain is 
not unusual; nor is an occasional snow 
flurry in the highest reaches of the 
mountains. So come prepared—but come 
informally with blue jeans and check- 
ered shirts. To maintain an atmosphere 
of traditional western informality, jeans 
and checkered shirts will be the pre- 


ferred attire. Those arriving without 


Julius Hyman & Company, Shell Chemical Corporation, Denver, Colorado 


them may make appropriate purchi: 
through the Hotel. 
Hotel Colorado, the 
quarters, offers a wide variety of facil 
ties to please everyone. The 
$12 a day American Plan cover all hotel 
facilities including the open air 
ming pool and a pasture with 
gopher holes where you can chase your 
golf ball. The Hotel will this 
rate to conventioneers arriving before or 


meeting head 


rates ol! 


Swit 


nine 
extend 


leaving after the meeting 


How to Get There 

Glenwood >prings 1s located 168 miles 
west of Denver and 90 east of 
Grand Junction, Colo., on U. S. High 
It is also on the main line of 
the Denver Western 
Che California Zephyr of the 


miles 


way 6 
and Rio Grande 
Railroad. 
D.&R.G.W 
at 2:00 p.m. from the East or 
from the West. Those 
scenic route via the Royal Gorge may 
take the 9:00 a.m. train Denver 
reaching Glenwood at 8:27 p.m 

Those who fly may 
land at Grand June 
tion, (90 


where 


reaches Glenwood Spring 
1:35 Pim 


preterring the 


Irom 


"@ Colorado 
7 miles distant), 
rail or commercial bus 
transportation to Glen 
wood Springs is avail 
able. United Air Lines 
has two flights each 


Hotel Colorado. 


PREVIEW 





Glenwood Springs Meeting 
September 12-15 


and Go Western! 


A Approach to Glenwood Canyon 


Snowmass Lake and Hagerman's Peck—‘‘fisher 
man's and photographer's paradise.” V 


& 
2 





day to Grand Junction: No. 603 
from the East and 648 from the West. 
Frontier Air Lines operates between 
Denver and Grand Junction, connecting 
at the former with United, Continental, 
Western, and sraniff Continental 
Trailways bus line has three scheduled 
services each day from Denver and 
from Salt Lake City 


On the Social Side 


kor early arrivals, members of the 
Rocky Mountain Section extend an in 
vitation to a scenic drive in private cars 
through the Glenwood Springs area, in 
cluding Lookout Mountain Park, the 
State Fish Hatchery, and beautiful 
(slenwood Canyon, Cars will begin leav- 
ing about 1:00 p.m. for a trip of about 
two hour Other goings-on will 
include swimming, golf, horseback rid 
ing, and a dramatically breathtaking 
ride on a chairlift which provides a view 
of the surrounding countryside. 

The meeting 
kickoff will be at 
the traditional In 
stitute cocktail 
party, which will 
be held at the 
Hotel Colorado on 
Sunday night. For 

the energetic, a before-breakfast horse 
back ride will be offered each morning. 
A trip is planned each morning to Aspen, 
Colorado’s famous winter ski resort 
his will include a ride to the top of 
Ajax Mountain on the Aspen three-mile 
chairlift, which provides an unparalleled 
view of the Elk Range. Also, each 
morning a trip will be offered up the 
Crystal River to the ghost town of 
Marble, Colorado, From nearby quar 
ries, stone was taken for the Tomb of 
the Unknown Soldier and the Lincoln 
Memorial. The town and its narrow- 
gauge railroad were abandoned in the 
mid-thirties. Along the river is some 
of Colorado's most spectacular scenery 

Monday evening will highlight the 
social program with an authentic chuck 
wagon dinner on the hotel patio fol 


plant & mine 


TRIPS 


Air view of Bureau of Mines Oil 
Shale Engineering Experimental Sto- 
tion neor Rifle. 


(Courtesy—Bureav of Mines) 


As indicated by arrows, these Bu- 
reav of Mines experimental oil shale 
mining facilities near Rifle, are, left 
to right, the two portals of the 
underground quarry, the office and 
warehouse, charge house, shop and 
compressor building, and the haul- 
age portal of the selective mine. 
Note switchbacks on road 


Climax’s molybdenum mine at Cli- 
max, Colorado; the largest under- 
ground mine in North America, pro- 
ducing 27,000 tons a day. 


(Courtesy—Climax Molybdenum Co.) 


The MEN behind the MEETING 


Seated—Robert Hawley, plant trip; Leo Roth, publicity; George Lof, 
Paul Manning, co-chairman; Holger Figge, registration; Standing—War- 
ren French, entertainment; Hugh Harris, hotel arrangements; Walter 
Wilson, printing; Richard Berry, publicity. 
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TECHNICAL PROGRAM 


Glenwood Springs Meeting 


Monday, September 13, A.M. 
TECHNICAL SESSION No. 1 


SYMPOSIUM ON OJL SHALE AND SHALE-OIL 
PROCESSING, W. |. R. Murphy, Presiding 


ADVANCEMENTS IN FUEL PRODUCTION FROM 
OIL SHALE, Clyde Berg, Union Oil Company 
of California, Los Angeles, Calif 


THERMAL EXTRACTION OF OJL-SHALE KERO- 
GEN, W. R. Thompson and C. H. Prien, Denver 
Research Institute, University of Denver, Denver, 
Colo 


THERMAL PROCESSING AND CHEMICAL TREAT- 
ING OF COLORADO SHALE Oll, Boyd Morris 
and Russell J. Cameron, U. S. Bureau of Mines, 
Rifle, Colo 


CATALYTIC CRACKING OF SHALE-OlL COKE 
DISTILLATES, C. K. Viland, Tide Water Associ 
ated Oil Co., Associated, Calif 


RECYCLE HYDROGENATION OF SHALE-OIL 
CRUDES, R. L. Crecelius, E. O. Kindschy, C. B 
Hopkins, H. C. Carpenter, C. M. Frost, E. R 
White, G. C. Freeman, and P. L. Cottingham, 
U. S. Bureau of Mines, Laramie, Wyo 


Monday, September 13, P.M. 


TECHNICAL SESSION No. 2 


(Simultaneous with Session No. 3) 


SYMPOSIUM ON URANIUM ORE PROCESSING 
AND REFINING, R. H. Long, Presiding 


METHODS OF URANIUM EXTRACTION FROM 
VARIOUS ORES, Wm. L. Lennemann, Processing 
Division, Grand Junction operations office, U. S$ 
Atomic Energy Commission, Grand Junction, 
Colo. 


VANADIUM ASPECTS OF URANIUM MILLING 
OF CARNOTITE ORES, Fred A. Brinker, Western 
Division, Vanadium Corp. of America, Durango, 
Colo. 


ROASTING AND LEACHING NON-CARNOTITE 
ORES, J. D. Moore and Edward Bernsohn, Vitro 
Uranium Co., Division of Vitro Corporation of 
America, Salt Lake City, Utah 


AN EXPLANATION OF THE FLOWSHEET AND 
PROCESSING CONTROLS OF THE MONTICELLO, 
UTAH, URANIUM MILL, R. L. Philippone, Process 
ing Division, Grand Junction operations office, 
U. S. Atomic Energy Commission, Grand 
Junction, Colo. 


Mighty nice mess o° fish for these parts. 
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ANALYSIS OF URANIUM MINERALS BY X-RAY 
SPECTROGRAPHY, M. L. Salmon and J. P. Black 
ledge, Denver Research Institute, University of 
Denver, Colo 


TECHNICAL SESSION No. 3 
(Simultaneous with Session No. 2) 


GENERAL TECHNICAL PROGRAM, J. £ 
nek, Presiding 


Stepa 


TECHNIQUE FOR CONTACTING GASES WITH 
COARSE SOLID PARTICLES, K. B. Mathur and 
P E Gishler National Research 
Ottawa, Canada 


Council 


IN SPRAY AN- 
Uni 


PROBLEMS AND METHODS 
ALYSIS, W. W. Hagerty and R. A. Yagle 
versity of Michigan, Ann Arbor, Mich 


TURBULENCE IN FALLING LIQUID FILMS, C 
Stirba and D. M. Hurt Dept 
Dupont Co., Wilmington 


Engineering 


Del 


THE FALL OF SINGLE LIQUID DROPS THROUGH 
WATER, Shengen Hu and R. C. Kintner, Illinois 
Institute of Technology, Chicago, III 


PREDICTION OF VAPOR-AIQUID EQUILIBRIUM 
RELATIONS BY THERMODYNAMIC EXAMINA- 
TION OF ACTIVITY COEFFICIENTS, Albert H 
Wehe and Jesse Coates Dept of Chem Eng 
Louisiana State University, Baton Rouge, Le 


Tuesday, September 14, A.M. 


TECHNICAL SESSION No. 4 * 


SYMPOSIUM ON AGGLOMERATION, A. P 
Weber, Presiding 


AGGLOMERATION IN THE CHEMICAL PROCESS 
INDUSTRIES, Ceci! H. Chilton Engi 
neering, New York 


Chemical 


GRANULATION OF MIXED FERTILIZERS BY 
AGGLOMERATION, John O. Hardesty, Fertilizer 
and Agricultural Lime Section, Soil and Water 
Conservation Research Branch, Agricultural Re- 
search Service, U. S. Department of Agriculture 
Beltsville, Md 


BALLING AND PELLETIZING OF IRON ORE 
CONCENTRATES, Strathmore R. B. Cooke, School 
of Mines and Metallurgy, University of Minne 
sota, Minneapolis, Minn., Ban, 
Cleveland-Cliffs Iron Co., 


Thomas &€ 
Mi h 


and 
Ishpenning 


afternoon 


and 


sessions in the 
sightseeing 


*No technical 
Open for 


recreation 


plant trips, trips 


Maroon Bells and Maroon lcke 
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SNOWBALL PELLETIZING, H. E. Rowen, Dwight 
Lloyd, Inc Division of Sintering Machinery 
Corp., Netcong, N. J 


SONIC AGGLOMERATION AND COLLECTION 
OF CARBON BLACK AEROSOLS—PILOT PLANT 
AND COMMERCIAL TESTS, C. A. Stokes, God 
frey L. Cabot, Inc., Boston, Mass; R. S. Boyd 
Cabot Carbon Co., Pampa, Tex.; E. J. Holland, 
Georgia Pigment Inc Division of Cabot Carbon 
Co., Sandersville, Ga.; and J. E. Vivien, Masse 
chusetts Institute of Technology Cambridge, 
Mass 


Charbonnier 
de Rech 
Laboratoire 


COAL BRIQUETTING IN FRANCE, J) 
and J Centre d'Etudes et 
erches des Charbonnages de France 


Lusinchi 


de Verneuil (Oise France 


Wednesday, September 15, A.M. 
TECHNICAL SESSION No. 5 * 


SYMPOSIUM ON ROLE OF CHEMICAL TECH- 
NOLOGY IN RESOURCES FOR THE FUTURE, 
R. H. Ewell, Presiding 


RESUME OF THE FUTURE RESOURCES PROBLEM, 
Raymond H. Ewell, National Science Foundation 
Washington, D. C 


ROLE OF AGRICULTURAL CHEMICALS IN COM- 
PENSATING FOR OUR DIMINISHING FARM 
LAND, Pau! D. V Manning International Min 
erals and Chemical Corp., Chicago, Ill 


ROLE OF SYNTHETIC PLASTICS IN FUTURE 
SHORTAGES OF METALS, WOOD AND OTHER 
MATERIALS, Charlies E. Staff, Bakelite Co., New 
York, N. Y 


ROLE OF CHEMICAL TECHNOLOGY IN DE- 
VELOPING NEW SOURCES OF ENERGY, Merritt 
L. Kastens, Stanford Research Institute, Stanford, 
Calif 


ROLE OF THE LIGHT METALS IN RELIEVING 
FUTURE SHORTAGES OF HEAVY METALS, A. C 
Byrns, Kaiser Aluminum and Chemical Corp., 


Oakland, Calif 


ROLE OF IMPROVED EXTRACTIVE METALLURGY 
IN INCREASING USABLE RESERVES OF MIN- 
ERALS, Oliver C. Ralston, Bureau of Mines, 
Washington, D. C 


sessions in the afternoon 


sightseeing 


*No technical 
Open for 


recreation 


plant trips, trips and 


Thursday, September 16 { 


t No technical sessions. Open for plant trips 
sightseeing trips and recreation 





Local 


lowed by a square dance dance 


lead the otter 


groups will was 


friendly counsel to beginner 


Open House at Outstanding Mineral 
Processing Facilities 


An outstanding teature 


ical 





NATIONAL MEETING REPORT 





(continued from July) 


he first national meeting sponsored 
Ti; the Nuclear Engineering Divisior 
of the Institute—-First International 
Nuclear Engineering Congress—was a 
remarkable success. Uniting a restful 
university “campus in the summer” at 
mosphere with a distinctly international 
flavor, the ¢ ongress gave chemical engi 
neers from industry their first major op 
portunity to receive “advanced training 
which would acquaint them with nuclear 
developments as they are now available 
for industrial application. 

Training in nuclear engineering in 
the universities i being given at present 
on a basis of amending basic training in 
the traditional professions and technol- 
ogies, rather than as a separate curricu 
lum, reported a panel of educational 


leaders headed by Manson Benedict: 


(M.1.T.). The desirability of such was 
voiced by industrial speakers (see pi 
ture at top ol page) 


OTHER COUNTRIES (Continued from July) 


Oliver Townsend’s remarks on nu 
clear development the world over in 
cluded France (“has some uranium, and 
a plant for processing ores . . . em 
barked on 5-yt plan, largely to produce 
plutonium, a fissionable fuel”); Canada 
(“ha ome of world's richest uranium 
deposits is building reactors which 
will manuiacture plutonium hope 
to have a power plant operating by 
1962") ; Sweden (“does have deposits ot 
uranium, occurring in shales. Is build 
ing reactor , and is interested in produc 
ing power because of lack of coal o1 
oil”); Switzerland (“has plans for a 
reactor, but possesses virtually no uran 
ium’); Germany (‘will probably build 
a research reactor as soon as Allies pet 
mit’); Portugal (“has uranium but no 
immediate reactor plans’); Australia 
(“substant.al uranium deposits and in 
tensive development program including 
at least one reactor’); Brazil (“may 
have uranium and would like to build a 
reactor soon’); and Japan (“which has 
the highest power costs of any of the 
workl’s industrialized nations, plus 
scientific talent, but which has no uran 
ium to speak of, and—at present—no 
plans to build a reactor”). Japan, inci 
dentally, sent a representative 


PICTURE FEATURES 
Shown on the following pages ar 


groups of pictures taken by the C.E.] 
staff. It ped that these photographs 


will give teresting impression ot a 
great A.I.Ch.k. meeting 


Page 36 
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be al 
nuclear .5 engineering 


tvtston 


INSTITUTE’S FIRST DIVISION 
MAKES GOOD START 


py seven months have passed tute, considered the matter and recom ing devoted to nuclear engineering such 
since the Nuclear Engineering Divi mended to Council that a Division be as the Congress, and po sibly other 
sion of A.I.Ch.E. was organized in St formed to serve the Nuclear [Engineer meetings held as symposia with regular 
Louis on December 14, 1953. In thi ing area (April 21, 1953). Council in meetings of the AIChE In that 
hort space of time the Division has dicated informally that by-laws be d connection the Division at its business 
gained over 800 members and has al veloped for a division and_ this > meeting during the Congress decided to 
ready served as sponsor of the largest done in cooperation with the Committe: join with the University lifornia 
technical meeting on nuclear energy held — assembled on October 31, 1953, to work in the sponsorship of a Conference on 
in this country, namely the International on the program for the Congress. The Nuclear Engineering on the U.C.L.A 
Congre on Nuclear Engineering that yroposed Cons 0 s dis ed 11 - %) 108¢ 
pe ear at Ann her Michigan, se ioe ~ athe gi rghit oo roe a en Soe ee Se oe 
, , . : , meetings have been formally planned as 


20-25, 1954 for December 14, 1953 at St. Louis to as 
) ; . g , organize the Division. The Constitution ° 
Phe Division was started through th WRANIZe Y \ second problem is concerned witl 


har k ft te | with minor modifications was adopted at 
ird work of a number of people and | publication: As a starter the Divi 


St. Louis by a grou about 60 peopl ; 
: Bee oe hem ne ion’s papers presented at Ann Arbor 


through the cooperation and foresight 
attending, Officers and an Executive 


‘ s t 4 ) J . oO , 

edi of the Council of the Institute, for have been publishe d in C.E.P. and the 

in Minenual Consuaies had >XY™Mposium Series Ihe May issue of 
. : . ‘ ‘ Xe ve oOmmittee las heal 

that there was created the organizational Ox C.E.P. was devoted exclusively to these 

two meetings, one on March 6, 1954, : 


it was through these combined efforts Committee were elected 


framework within which the Division meni omeayss Rie Arresting winger tio papers and the first of the three Sym 


could exit. The first move in this direc posium Series volumes was published 


Committees on Membership (R. N 

L. M 
K Boelter, chairman): Publication 
( Manson Benedict, chairman); and 


Nomination (Miles Leverett, chairman ) 
773 the Division is a point that needs 


prior to the Congress The second will 
be available shortly, and the third in a 
few weeks Whether these means will 
meet the ultimate publication needs of 


tion came several years ago when Coun 
cil established a Nuclear Energy Com 
mittee. In 1952 this committee, under 
the chairmanship of Professor D, | 


Lyon, chairman): Program  ( 


Katz, decided the time was at hand to 
have been appointed. There were 


further discussion 
\ third problem involves the method 


have a national meeting of the A.L.Ch.1 
members of the Division as of July 


devoted entirely to the field of nucleat - 

set 1954, of whom over half are not mem 

energy. Council gave its approval in nat het o by which the Division can serve an in 
os? al — . 

Novemibe r, 1952 tor such a mecting t Although the Divi terested group on a lox il basi Accord 

be held at Ann Arbor. Serious effort to 

wards arranging the technical program 


began on February 28, 1953, with a 


ion has got off 


to a good beginning with the Inter ing to the by-laws, the Division is to 


national ( ongress, it has many proble m serve as a meeting place tor nuc lear 
to solve. First there is the question of engineers to discuss problems of 
meeting of the Nuclear Energy Com At the pro material interest, to present papers 


meetings present time it 
mittee of the Institute along with in the field, and to initiate the publication 


po ed to have at least one annual meet 
vited persons from the nuclear field. On of such papers. In endeavoring to set 





' ‘ qs . ’ ‘RD 
January 19, 1953, Dean M. P. O’Brien up conditions under which groups can 


of the University of California, at Dean THE MEN WHO PLAYED A MAJOR meet together locally, the Division took 


4 . . ] 
L.. M. K. Boelter’s request, wrote to PART IN ORGANIZING THE DIVISION the position that it would take steps to 
Dean G. G. Brown of the University ; ail 
; The following persons were members of organize local sections just a aie 
AChE hat the Committee on Nuclear Engineering any group 
y } . Sponsor an organization tha who, os explained in the accompanying demonstrated that there is sufficient 
would bring together persons interested article, organized the Congress, and interest in a given area to support a 


played a prime part in organizing the 
Division continuing effort on a local basis 


. . ’Brien’s . . ; . 
ing Dean O'Brien's letter was referred Se endioin tilim eb Tie te tale 
to the Nuclear Energy Committee and Donald L. Katz H. J. Gomberg 
was J. J. Martin H. S. Isbin 
R. H. Beaton J. A. Lane 
. an J. E. Beckerley Stephen Lawroski urer, Nuclear Engineering Division, 
ary 28, 1953. A letter to Council on Manin timed th ©. tome 028 East | Build ; 
- : a “UL Las gineering uliding, ni 
March 3, 1953, apprised Council of G. G. Brown Stuart McLain : M i : ‘ \rl Micl 
> > : TS ) uo: iT wT ) ( 
Dean O'Brien's letter and of the discus L. E. Brownell A. F. Thompson versity of Michigat , ' — 


of Michigan and suggested that the come te the Dicicion ond 


in the advancement of nuclear engineet 


the Division are invited to send an in 


the possibility of such a group , 
6 i quiry to J J Martin, Secretary-Treas 


discussed at the meeting held on Febru 


, ; : J. W. Clegg F. J. Van Antwerpen gan. 
, “ ~ ~ ‘TY Ci . 4 
sion by the Nuclear Energy Committee TB Drew Menay Weanee Donald 1. Kate 
George Holbrook, as Chairman of the R. C. Ernst L. C. Widdoes J. J. Martin 
Committee on the Future of the Insti Ann Arbor, July, 1954 
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“NO WATER NO TAR NO GREASE 


hn tody tt bnie seal that- 











| 

















| | : 
© NO CLOSE TOLERANCES | =NO CONSTANT INSPECTI 
NO WEATHER WORRIES > TO JAM PISTON —ALL AREAS ACCESSIBLE 


peneenenaigy passe Romeo 


BECAUSE THE WIGGINS IS 
(THE SIMPLEST (AND SAFEST) } 
i OF Al GASHOLDERS ‘ 


i NO MECHANISM 
TO RUST OR BREAK 


GENERAL AMERICAN 
TRANSPORTATION CORPORATION 
135 South La Salle Street 


WH essen Chicago 90, Illinois 
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INDUSTRIAL NEWS 





CANADIAN, U. S. FIRMS 
TO PRODUCE LITHIUM 


Lithium, the metal recently given 
prominence in connection with thermo 
nuclear weapons, is expected to be in 
sufficient supply in the United States 
soon as a result of an agreement whereby 
Lithium Corp. of America, will 
process the entire output of a concen- 
trating erected by Quebec 
Lithium important ore 
body near Val d'Or, Quebec, owned by 
the Canadian firm 

Lithium Corp. of America, which will 
double the output of its plants with the 
addition of the 
trates, will process them at its chemical 
plants at St. Louis Park, Minn., and 
sessemer City, N. C 


Inc., 


mill to be 
Corp. at an 


Canadian ore concen 


CENTURY-OLD CRANE CO. 
TO PRODUCE TITANIUM 


The 
in the 
dredth 
metals 
founded on 
titanium plant at 
sometime in 1955 

The $25 million 
ing plant will initially direct most of 
its output the Air Force, but 
when supplies permit, the company an 
ticipates the use of titanium in valves 


largest manufacturer of valves 
world will observe its one hun- 
birthday by entering into rare 
production when the Crane Co., 
July 4, 1855, 


Chattanooga 


opens its 
lenn., 


titanium-ore process 


toward 


and fittings manufactured for use under 
highly corrosive conditions in the chem 
ical, petroleum, aircraft, and marine in 
dustries. 

The company through its subsidiary 
Cramet, Inc., contract with the 
Defense Materials Procurement Agency 
that calls for the Federal government 
to advance $24,950,000 to Cramet for 
construction and equipment costs to be 
repaid with interest as titanium sponge 
is produced. Cramet is to produce 
30,000 tons of titanium sponge during 
a 5-year term, with the government 
having an option to buy up to 7,500 
tons during the period at the rate of 
$5/lb. during the first year and at $4 
or market price, whichever is greater, 
thereafter for the duration of the con 
tract. The Government is not required 
to take more than 1,000 tons at the 
$5 rate. 

Crane Co. holds several mining claims 
in Quebec and will dredge titanium ore 
from f Florida beach 


has a 


50,000 acres of 
sand along the Gulf of Mexico. Other 
rare heavy minerals that will be recov 
ered in the processing of titanium in- 
clude zircon, cerium, thorium, and vari- 
ous fluorides and oxides. A newly 
formed subsidiary, Heavy Minerals, 
Inc., will process the ore. 
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NEW PUERTO RICAN REFINERY 


“er « 


Artist's conception of the petroleum refinery being constructed at Guayanilla Bay, Puerto Rico, for 
Commonwealth Oil Refining Co., Inc. To be the largest of its kind in Puerto Rico, the refinery, which 
is being built by the Lummus Co., will process about 25,000 bbi./day of Venezuelan crudes to 


produce aviation and motor gasolines, bottled gas, kerosene, Diesel oil, and fuel oil 


The plant 


will consist of a two-stage distillation unit; a Houdry catalytic reformer; a Houdry catalytic cracker; 
and vapor-recovery, alkylation, and polymerizotion units, together with auxiliary equipment 


fourth most abundant 
(after aluminum, iron, 


40% 


litanium, the 
structural metal 
and heavier and 
six times stronger than aluminum, about 


410% lighter and nearly equal in tensile 


magnesium), 1s 


It is remarkably cor 
particularly to salt 
methods 


strength to steel 
rosion = resistant, 
water, Ordinary 
cannot 


is extremely 


processing 


be used on titanium because it 


reactive; even exposure 


Much of the 


processing therefore must be done in a 


to air may spoil the metal 
vacuum or in an atmosphere of inert 
gas, such as helium or argon, and the 
high melting point of titanium (3100 
I.) be taken account 


must into 


DRYING-TOWER CONTROLS 
ADOPTED BY LEVER BROS. 


\ system for retarding combustion in 
the case of fire or overheating in con 
been 
announced by Lever rhe 
automatically the 
drying operation and actuates a variety 
among which 
which re 


towers has 
Brothers 


down 


tinuous spray-drying 


system shuts 
of fire-retarding devices, 
rate-of-rise detector, 
the 
abnormal 


are a 


when tower temperature 
fixed 
are lo 


the 


sponds 
rate, and 
which 
in each of 


rises at an 
temperature 
cated in the tower 
dust-collector bins 

The detectors control a master release 
which causes the air heater to shut off, 
eliminating further heat input; the air 
inlet and exhaust fans to shut off and 
their corresponding dampers to close, 
eliminating the normal air stream in 
the tower; a special damper in exhaust 
stacks to open, venting collected heat to 
the atmosphere; and alarms to sound 
in the plant and at a central fire 
station. 


detectors, 
and 


Chemical Engineering Progress 


Fine soap dust always present inside 
the tower required the selection of a 
hermetically sealed detector, which con 
tains within a stainless-steel outer shell 
the contacts that release the master cir 
cuit. The self 
and explosion proof 

Other 
timing device on 

the 
a predetermined period be 
the 
flame-failure 


detectors are resetting 
drying towers 
the heater 
the heater 


devices im the 
are a air 
that 
tower for 
fore the 

actuated ; 
shut down the heater 
flame is inadvertently extinguished; and 

that the 

from starting or cause it to cease opera 
interruption of the air 


purges air of and 
can be 
that 


in case the heater 


igniter for heatet 


controls 


safety controls prevent heater 


tion in case ot 
flow through the tower. 


INCREASE IN MEXICAN 
OIL PRODUCTION 


facilities for Mexico's 


trust, 


Increased 
nationalized oil 
large part to equipment produced in 
the United States, have resulted in an 
expected output for 1954 of 85,000,000 
bbl., almost 40° more pro 
duced in 1953, according to an an 
nouncement by the Worthington Corp., 
the machinery 
$25,000,000 re 


Pemex, due in 


than was 


which supplied much of 


used in Mexico’s new 
finery. 

Since fifteen 
have 
been opened, and this year Pemex has 
completed one and a half new wells 
a day, increasing its drilling activities 
33% over 1953. Pemex is pro- 
ducing some lubricating oils and ex- 
pects to be able soon to supply all of 
Mexico’s lubricating-oil needs 

(More News on page 44) 


about 
fields 


nationalization 


years ago thirty-six new 


also 
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10 years of research... over 75 years of pump manufacturing experience .-- 


A. POSITIVE DISPLACEMENT 
METERING 


eee plus 
B. NO FRICTIONAL PARTS 
IN LIQUID END 
eee plus 


C. CONTINUOUS FLOW 
CHARACTERISTICS 


Check and compare 
with any other pump 


No stuffing boxes 


High speed, self cleansing 


The tue MeCannameter— “the meter that 
pumps” —establishes an entirely new set of stand-  Hydraulically balanced 


ards for precision, accuracy and reliability in 
small volume metering and proportioning.  Stepless volume control 


valves a) 


SPECIFICATIONS—Series “A” M Automatic vc 
'€ vapor venting 


Effective capacity range: 5 c.c. to 6 gal. per hr. 
Standard pressure range: to 2500 psi (special  Downhill* mete 
designs to 10,000 psi). eo 


*From } 
fo) Wgh suction to lows 


If you have been looking for a pump that will ee + discharge 
precisely meter a wide output range of small vol- ‘ee 
ume flows, here is the answer. Write today. 
HILLS-McCANNA CO., 2438 W. Nelson St., 
Chicago 18, Illinois. See the Hills-McCannameter in action ot 


the Instrument Show, Sept. 14-24. Tickets for 
the demonstrations can be secured at Booth 101. 


ome SSMECAWN A ts 
metering and proportioning pumps 


Also Manufacturers of 


SAUNDERS PATENT DIAPHRAGM VALVES © FORCE FEED LUBRICATORS © MAGNESIUM ALLOY SAND CASTINGS 
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national meeting report—(continued) 


PRESIDENTS’ RECEPTION 


A.1.Ch.E. President C. G. Kirkbride and Univer 
sity of Michigan President H. Hatcher jointly 
greeted Congress guests at Hatcher's spacious 
home on the university grounds. The garden 
appeared more popular than the punch-bow! 


except for the children present 





exposition 


One of the most attended functions of the Congress was the “Atoms 
for Peace” exposition. Shown in the photos are some of the exhibits 
provided by industrial firms, universities, and government groups. The 
exposition served a useful purpose in demonstrating available plant 
equipment, laboratory devices and nuclear installation designs. At 


tendants at the booths were well qualified to answer the many questions 


ee 
lhe Babcock & Wileox Co. | 
re ec | c 


put to them by guests 








S BLICKMAN. ac 








a 
‘ 


The high quality of the famous Hershey Chocolate Bar is 
known far and wide. And, into the maintenance of that 
product's well-deserved popularity, goes the processing of 
just the right kind of sugar. 


In the Hershey Chocolate plant eight No. 4-TH-MIKRO- 
PULVERIZERS set up in tandem units, turn out tons of sugar 
per hour, reducing it to the required degree of fineness. 


It was found that this dual-pass method reduced power 
consumption and operating time—while delivering at the 
same time a product which solved other problems in the 


subsequent processing of the chocolate. 


31 CHATHAM ROAD 


A major part of all the sugor in the world is ground in 
MIKROS. So too, MIKROS have provided the answer to a 
great majority of food processing operations where grind- 
ing, blending or granulating of fine or ultra-fine powders 
is required. 

The MIKRO area of distinguished service extends far 
beyond the food field. It also embraces the processing of 
chemicals, pharmaceuticals, cosmetics, soaps, fertilizers, 
plastics and many other products and materials. 

Submitting your grinding or dust recovery problem to 
the MIKRO Laboratory involves no obligation on your part. 
But, the answer provided may be just the right answer for you. 


Write for illustrated descriptive bulletin 


WIKRE 


PULVERIZING MACHINERY DIVISION 


METALS DISINTEGRATING COMPANY, INC. 
Summit, New Jersey 
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an old principle 
—an extraordinary result 


EMSC 


BALL BEARING 
SWIVEL 
FITTINGS 


ball bearings rolling 
ona FLAT surface 


e offer less friction 
© are easy turning 





¢ wear longer 


It's an old principle, a ball rolling on 
a flat surface — making a single point 
of contact, and when applied to a ball 
bearing swivel fitting you get an extraor- 
dinary result —free and easy rotation 
even under extreme pressures. Compare 
EMSCO on this point! 

Should you take the EMSCO fitting 
apart — and it’s easy to do because it 
breaks like a union, you'll note a unique 
packing and ball race design which 
permits easy adjustment for wear. No 
expensive return of fittings to the 
factory for service. Note also how the 
large fluid passageways and smooth, 
easy contour of bends reduces turbu- 
lence and increases flow. 

You'll find an EMSCO ball bearing 
swivel fitting for almost any application. 


GET THE COMPLETE 
ENGINEERING STORY 
FROM OUR NEW 
CATALOG TODAY. 


8 BASIC STYLES — OVER 500 MODELS 


EMSCO MANUFACTURING COMPANY 


BOX 2098, TERMINAL ANNEX 
Houston, Texas * LOS ANGELES 54, CALIFORNIA * Garland, Texas 


Representatives in principal cities 
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| in Granular Solids” 
| Sun Oil Co.; “Applications of Ohmart 
| Equipment to Measurement of Process 
| Variables” by H. L. 


| trumentation for 


(Continued from page 40) 


_INDUSTRY MAY RENT 


ANALOGUECOMPUTER TIME 


Chemical engineers whose calculation 
problems are too complex for their slide 


| rules may take them to an analogue 
computation center near Princeton, N. J. 
| Opened by Electronics Associates, Inc., 


of Long Branch, N. J., on July 14, the 
center is the first available to industry 
on a rental basis. 

Equipment dual-control 
console, operational servo 
multipliers, servo resolvers, servo-type 
function generators, a two-channel X-Y 
recorder, and a six-channel curvilinear 
recorder. Customers equipped to pro- 
gram their own problems are supplied 
with patch panels on which to prepare 
problems for the computer. The center 
will also supply scientists, engineers, and 


includes a 
amplifiers, 


mathematicians to assist the customer 
or to undertake the entire computation 


A.LCH.E. SYMPOSIUM 
AT I. S. A. CONGRESS 


Materials - handling. instrumentation 


| will be the theme of the A.I.Ch.E. 


symposium at the First International 
Instrument Congress and Exposition in 
Philadelphia on Sept. 23, 1954. Eleven 
papers will be presented: “Scope 
of the Materials Handling Instrumen 
tation Field” by W. B. Heinz, Heinz 
Engineering Co.; “Level Measurements 
by F. S. Becker, 


Cook, Jr., The 
Ohmart Corp.; “Application of SR-4 
Strain Gauges to Materials Handling” 
by W. H. Bosworth, Ruge-deForest, 
Inc.; “Vane Type Flow Meters in Ma- 
terials Handling” by George Fitzpat 
rick, Potter Aeronautical Co.; “Ins 
Specific Gravity 
Measurements and Weighing in Stor 
age Tanks, Drum Filling, and Cranes” 
by C. E. Roessler, Automatic Tempera 


| ture Control Co.; “Application of Grav 


imetric Feeders in Continuous Proces 
sing” by A. A. Melnychuk, Omega 
Machine Co.; “Electrical Auto-Batch 


| Weight Control System for Solids” by 


B. L. Sutton, Gilmore Industries, Inc. ; 
“Solving Low-Capacity Flow Control 
Problems” by W. P. Griffiths and J. 
Procopi, Milton Roy Pump Co.; “Ap 
plications of Instrumentation to Pro 


| portioning by Weight in the Process 


Industries” by W. M. Young, Richard 
son Scale Co.; and “Electronic Weigh- 
ing in the Chemical Industry” by V. C. 
Kennedy, Jr., Streeter-Amet Co. 

The congress, sponsored by the In- 
strument Society of America, will extend 
from Sept. 13 through 24 


(More News on page 48) 
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Oil fired units can be rotated at speeds ranging 
from 2 Rev./Hr. to 5 Rev./Min. to control the 
length of time the material is under treatment. 


Temperatures range from 1000” F. to 2200° F. depending upon 
the material being handled. Burners are controlled automatically 
with radiation pyrometers. Heated material is passed through a 
Bartlett-Snow externally water cooled cooler—and cooled 
Spedel Sheltuss Glee Soyer Cor Wessaring slowly, at gradually declining temperatures. Use Bartlett-Snow’'s 
a Costly Anti-Biotic without Contamination. ee ggie - * “ 
complete facilities — including materials handling —on your 
next job. It fixes unit responsibility — assures the smooth syn- 
chronized operation of the entire project — and utmost economy 
and satisfaction. 
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DESIGNERS 
ERECTOR 
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Calciner and Cooler for Continuous Process- 
ing at Temperatures from 900° F. to 2100” F, x 


“Builders of Equipment for People You Know" 





There’s more to 
instrumentation 
than instruments 


Instruments can do wonders, if they’re given 
the chance. But some one has to put them to 
work in the most effective way. And that’s 
where Honeywell Application Engineering steps 
in. 


This service is one of the most important plus 
values you get in Honeywell instrumentation. 
It’s a teamwork job. And every member of the 
team is an expert in his own field. Engineering 
begins right in your own plant, where a Honey- 
well field man digs out the vital facts about 
your process. He sits down with your engineers, 
production men and instrument technicians . . . 
and finds out everything he needs to know 
about what needs to be measured or controlled, 
to what accuracy, and under what conditions. 


Then the problem goes to Honeywell’s Applica- 
tion Engineering staff. Here’s where you'll find 
groups of instrumentation specialists for every 
major industry. One group, for example, is 
devoted to the control problems of the metal- 
working industry. Another handles ceramic 
applications . . . another chemical . . . until to- 
gether they cover the whole gamut of modern 
processes. These men know their specific field 
from years of first-hand experience. They're 
thoroughly familiar with the techniques of 
processing and the ways that instrumentation 
should be applied. 


Honeywell Application Engineers develop de- 
tailed recommendations for the complete in- 
stallation. They determine the most effective 
instruments, primary elements, types of control 
and valves for every phase of measurement and 
control. They add switches, signals, interlocks 
and other accessories which their experience 
indicates are needed in the interest of safety and 
convenience. Then they combine all components 
into a complete system—whether it involves a 
single instrument or a whole panel—that is de- 
signed for peak production efficiency, simple 
maintenance, and greatest convenience to 
operators. 


This service saves time by doing engineering 
work that would tie up your own staff for many 
hours. And it pays off in assuring the excellent 
performance of which Honeywell instruments 
are capable. 


QA 


Ratio controller 
regulates 


critical 


gas mixtures in 


Control panel for carbon black generators includes (in upper 
right corner) Brown ratio flow controller . . . along with 
Electronik instruments for checking temperatures inside 
the generators. 
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mechanical 
flow meter 





natural 
gos 
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Brown flow transmitters are mounted outdoors, next to natural gas 


and reformed gas lines. Diagram shows the complete ratio control 


system supplying a pair of car 


bon black generators. 


oe 


carbon black production 


ON oT a process in which two different gases must 
G be supplied in exact proportion? Godfrey L. 
Cabot, Inc., were faced with a problem like this in 
their thermal carbon black plant near Franklin, 
Louisiana. And the Brown flow control system 
that was developed for this job in cooperation with 
The Gas Machinery Company may give you some 
ideas for your own applications. 

The Cabot process cracks carbon out of natural 
gas, in cyclic reactors or generators designed and 
built by The Gas Machinery Co. To produce various 
grades of black, the natural gas fed to the genera- 
tors must be diluted with reformed gas. A Brown 
two-pen ratio flow controller, working with two 
Brown mechanical flow meters, does the trick. 
The flow meters measure the flow in both the 
natural and reformed gas lines, and each trans 
mits air pressure signals to actuate one of the 
ratio controller's pens. On the basis of these 


signals, the controller regulates a Honeywell dia 
phragm valve in the natural gas line, to maintain 
the required ratio of flows of natural gas and 
diluent. 


This simple, rugged system provides excellent 
accuracy, to keep flow ratios at optimum values 
It’s versatile, too . . . can be readily set to allow 
feed of straight natural gas when coarse grades of 
carbon are required 


Many other types of flow instrumentation are 
available from Honeywell for the varied require- 
ments of chemical processes. Your nearby Honey 
well field engineer will be glad to discuss your 
specific applications . . . and he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim Avenues, 
Philadelphia 44, Pa 


@ REFERENCE DATA: Write for new Catalog 2320, “Flow Meters, indicating, Recording, integrating and Controlling.” 
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MECHANICAL 
WASHERS 


All SCHMIEG equipment is designed, engineered, 
manufactured, and installed with the fundamental 
objective of protecting and improving the quality 
of the product you manufacture. 


co ‘paid SCHMIEG ENGINEERS 


LL 
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MATHIESON INSTALLS 
TELEGRAPH SYSTEM 


A 5,000-mile, high-speed, private wire 


telegraph network has been installed 
by Mathieson Chemical Corp 
among its 
throughout 
fifteen 
the 


words an 


to speed 
thirty 

the 

States 


intercommunication 
and 
E-ncompassing 


one plants offices 
country 
and twenty-three cities, 
a capacity of 24,000 

Messages prepared in the form of per 
forated tape page 
form ready 


system has 
hour 
will be received in 


for 


instant use. 


NEW DESIGNATIONS FOR 
WROUGHT ALUMINUM 


lloy-designation svs 
alumi 
d by The 
Association to become effec 
tive on Oct. 1, 1954. Consisting of four 
digit numbers, the 
pected to meet all the present and fore- 
seeable needs wrought alloys. The 
first digit of each designation indicates 
the general group to which the alloy 
the second digit indicates any 
modifications of the original alloy or 
impurity limits; and the last two digits 
identify the alloy or indicate the alumi- 
num purity. To aid in the transition 
to the new system, many of the old num 
retained as the last two digits 
of the new numbers; thus alloy 24S 
becomes 2024. The first digit identifies 
the following major alloying elements: 
1, aluminum 99.000 minimum and 


in the a 
aluminum 


A change 
tem for wrought 
alloys has been 


and 


num announce 


Aluminum 


new svstem is ex- 


for 


belongs; 


bers are 





greater; 2, copper; 3, manganese; 4, 


Chemical Engineering Progress 


Foundations are being laid for the new ammonia plant being erected at Tuscola, Ill., 
Distillers Products Corp. by The M. W. Kellogg Co. 
quench-type reactor that allows the temperature control necessary for a reaction that must be carried 


for National 


The main feature of the plant is a special 


out at temperatures near those at which the catalyst deteriorates rapidly. 


rnesium; 6, 
other elements; 


silicon; 5, mag magnesium 


and silicon; 7, zinc; 8, 
9, unused series for fonder additional 
designations. 

The system is 
adopted throughout the 
copies of the pamphlet explainir 
be obtained from aluminum distributors. 


expected to be 
and 


, it Can 


new 
industry, 


REACTORS AVAILABLE 
FOR COMMERCIAL USE 


Two atomic research reactors to be 
used in training personnel 
ducting basic nuclear research have been 
Bab oO k & Wilcox Cx 


modified versions of 


and in con 
announced by 
The designs are 
the water-boiler and swimming-pool re 
Atomic Energ 
W ill 


actors developed by the 
laboratories and 
$100,000 to $150,000. 


Commission 
in a range of 

When present restrictions are relieved 
to allow the 
development of nuclear 


industry to participate in 
power, C H 
estimated, “fu 
physicists and 
be at least 6000 
| reactors | the 
The swimming-pool type will 
probably than the 
water-boiler reactor but also offer 
additional advantages such as space for 
bulk shielding; the boiler has 
been designed to obtain the highest pos 
sible neutron flux per investment dollar 

Governmental approval is 
before any institution 
one of these reactors either for research 
or for production of radioisotopes 


vice president, 
for 


Gay, 
ture requirements 
engineers will probably 
more in next eight 
years.” 
be 


more expensive 


will 


water 


required 


may construct 
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for Refrigerants 


Ice making, air conditioning and countless other cooling oper- 
ations depend upon the economy and efficiency of chlorine- 
made refrigerants. 

Uniformly high quality GLC GRAPHITE ANODES play an 
equally important part in helping the electrolytic industry 
meet the growing civilian and defense needs for chlorine and 
caustic soda. 


ELECTRODE DIVISION 
Great Lakes Carbon Corporation 
Niagara Falls, N.Y. EGLCZ Morganton, N. C. 
© 
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Graphite Anodes, Electrodes, Molds and Specialties 





Sales office: Niagara Falls, N.Y. Other offices: New York, N. Y., Oak Park, Ill., Pittsburgh, Pa. 


Sales Agents: J. B. Hayes, Birmingham, Ala.; George O'Hara, Long Beach, Cal.; Great Northern Carbon & Chemical Co., Ltd., Montreal, Canada 


Overseas Carbon & Coke Company, Inc., Geneva, Switzerland; Great Eastern Carbon & Chemical Co., Inc., Chiyoda-Ku, Tokyo 





Want the 
easiest way 
to make fast, 


foladtigeh a= 


pH, CHLORINE 
TESTS ? 


TAYLOR 
COMPARATORS 


\BASIEST... iS 
bb & . DY ae 
_ + an i ae ~*~ 


because three simple steps give 
you the determination; every 
Taylor set is supplied with all 
necessary reagents acces- 
sories, And, Taylor sets are light- 
weight, yet strongly built. 


Pa 


because many tests can be made 
in only a few seconds. Others 
take no longer than a few min- 
utes. Taylor sets are compact, 
portable so you can make tests 
on-the-spot, no time wasted 
carrying samples back to the lab. 


WACCURATE.,. 


because all Taylor liquid color 
standards carry an unlimited guar- 
antee against fading. 


and 


All standards for any one deter- 
mination are housed in a single 
plastic slide. No single standards 
to handle. Many different slides 
can be used on one base, 


See Your Dealer Soon! 
FREE MANUAL 


“Modern pH and Chlorine 
Control” illustrates and de- 
scribes full Taylor line. Also 
gives useful data on theory 
and application of pH and 
Chlorine control. Write today. 


W. A. TAYLOR 23° 


uv 








NEWS 


(Continued from page 48) 


DU PONT OFFERS NEW 
POLYESTER FILM 


Mylar polyester film, made from a 
polymer formed by the condensation re 
action between ethylene glycol and tere 
phthalic acid, was recently introduced 
by Du Pont Co. Made currently in 
eight gauges and three types, the film 
manufacturer, has a 
third that of 
resistant to moisture 


according to its 
tensile 
machine 


strength one 
steel, is 
and chemical attack, and has an opera 
ting temperature range from —60° to 
150° ¢ and strength 
A transparent film, the product can be 
laminated for 


a high dielectric 


printed, embossed, and 
use as a decorative, insulation, or lining 
material 

The new $10,000,000 plant to manu 
Mylar is 
Ohio, and will replace the 
suffalo 


facture being completed at 
Circleville, 


present pilot plant faciliti in 


NEW FATTY ALCOHOL 
PROCESS FROM BLAW-KNOX 


Plants S.B.A 
process for the production of fatty al 


using the Belgian 
cohol by continuous hydrogenation ar« 
available to U. S. industry according to 
an announcement by Blaw-Knox Co 
The process, which is currently operat 
ing in Europe, consists of the following 
(1) continuous methyl ester pro- 
(transesterification and _ fat 


steps 
duction 
splitting followed by esterification), (2) 
continuous hydrogenation of the car- 
boxyl group, (3) continuous hydrogena 
tion of the unsaturation existing in the 
raw material, (4) continuous fractional 
distillation of the crude alcohol. 
Pilot-plant facilities are available for 
the testing of domestic raw feed ma- 
rhey are capable of continuous 
operation that of full-scale 
plants and can process 1 bbl. of fat or 


terials. 
similar to 


fatty acid a day, results of which, such 
as yield and catalyst life, the company 
claims, can be projected accurately to 
commercial operation 


SHELL INTRODUCES 
NEW ACID PROCESS 


The first full-scale commercial plant 
designed to prepare a monobasic aro- 
matic acid by a one-step oxidation pro- 
cess is how Shell Chemical Corp. char- 
acterizes its new Martinez, Calif., plant 
constructed for the manufacture of 
paratertiary butylbenzoic acid. The acid, 
according to Shell Development Co., is 
made by blowing air through hot liquid 
paratertiary butyltoluene in the pres- 
ence of a metallic catalyst and can be 
adapted to other basic aromatic acids 

(More News on page 66) 
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provide sustained 
performance, rugged 
construction and an 
eye to operational ac- 
cessibility for main- 
tenance and repairs. 
We build well—our 
record of repeat 
orders from satisfied 
clients attests to that. 


FOR THE CHEMICAL 
PROCESS INDUSTRY, WE 
OFFER OUR... 


Solvent Recovery Sypnent 
« Extraction Coils « Evapo- 
rators + Reaction Vessels « 
Condensers (for any Vapor) 
* Solution Heaters & Coolers 
e Exhaust Waste Heat Boilers 
© Quenching Oil Coolers « 
Storage Tank Heaters + Gas 
Coolers + Self-Cleaning Heat 
Exchangers « Fractionating 
Equipment 


Welding ap the shell 
of @ large Paeracei! 
txchanger 4 typical 
scene at ow Ci repeth 
Srees 


Your pilot plant or special 
equipment requirements 
can be handled by our 
experienced staff of chem- 
ical and mechanical 
engineers. We solicit your 
inquiries. 


DAVIS ENGINEERING 


CORPORATION 
1058 East Grand Street, Elizabeth 4, N. J. 
30 Rockefeller Plaza, New York 20, N.Y. 
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The choice of the optimum tubing to use in an ap- 
plication requiring the handling of a specific fluid at 
a definite working pressure involves the considera- 
tion of a number of factors. In addition to tempera- 
ture, tube size, and mechanical strength of the steel, 
such factors as the type of fluid and corrosion re- 
sistance of the stecl must be considered 


A typical case of the importance of these two fac- 
tors involved an installation of Type 347 stainless 
steel. The tubing was exposed to chloride-bearing 
bayou water while conveying methanol and unre- 
acted synthesis gases at 300F and 5000 psi. The 
chloride solution caused pitting corrosion. The 
stresses became localized at the root of the pits 
and reached a sufficient magnitude to cause stress 
corrosion and failure. Croloy 5, subsequently used, 
provided superior resistance to the initial pitting 
and satisfactory service at the desired temperature 
and working pressure and also at a considerable 
savings in cost of the tubing 





. 


Ootimum tube 


for the job = ps1705 5) 


D lt Nis % Cr fein atmos)4 








It takes an expert to specify the optimum tubing 
for any particular application. And there is no sub- 
stitute for the kind of experience with such prob- 
lems you'll find at B&W. To get the most benefit 
from B&W's long experience in matching tubes to 
jobs call on Mr. Tubes, your nearby B&W Tube 
Representative. He can help you. 


TA.4024 (P) 
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NO STICKING 


NO GUMMING 


NO FRICTION 
NO LEAKAGE 


PEO) 1 @ mero) 2 con-anel. 
WHEN CORROSIVE CHEMICALS RUN THRU 


DeZURIK VALVES 


WITH TEFLON-FACED” PLUGS 


DeZURIK EASY-OPERATING PLUG VALVES have many 
proved advantages: They’re friction-free, require no lubri- 
cation, open and close e-a-s-i-l-y every time. Now there's 
the extra advantage of TEFLON -Faced plugs, providing a 
valve for corrosive services that resists deterioration, can’t 
distort and won't gum-up. There’s a DeZurik Valve for every 
chemical situation — just ask for details. 


DeZurik Valves with 
TEFLON -Faced Plugs are 
made in sizes from ‘4 
thru 2”, for manual oper- 
ation, or for use with Air 
Operators’ (illustrated). 
Valves with rubber-faced 
plugs up to 20” in size. 


DeZURIK SHOWER COMPANY 
SARTELL, MINNESOTA 


# Reg. TM - E.1. Du Pont de Nemours & Co. 
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CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated grades of 
membership in A.1.Ch.E. recommended for election by the Committee 
on Admissions. 

These names are listed in accordance with Article Ill, Section 8, 
of the Constitution of A.1.Ch.E. 


Objections to the election of any of these candidates from Members 
will receive careful consideration if received before September 15 
1954, at the Office of the Secretary, A.I.Ch.E., 25 West 45th Street 
New York 36, N. Y 


Member Gustafson, Edward L., Jr., Kings- 
port, Tenn 
Aljian, George W., San Francisco, Gutshaw, Kenneth J., Charleston, 
Colif. W. Va. 
Bourguet, John M., Woodbury, Hall, C. Robert, Akron, Ohio 
N. J. Johnson, Homer F., Jr., Knoxville, 
Brown, Gardner L., Akron, Ohio Tenn 
Coffey, Burton L., New York, N. Y Jones, Cyrus R., Washington, D. C 
Delany, W. H., Jr., Ook Ridge, Kelly, H. S., New York, N. Y. 
Tenn. Kern, B. M., Pittsburg, Kan. 
Dodson, John L., Ook Ridge, Tenn. Large, Charles B., Sacramento, 
Dylewski, Stanley W., Midland, Colif. 
Mich. Merryman, G. E., Jr., St. Albans, 
Giachino, Marcello T., New York, W. Va. 
N. Y. Messina, Philip, Linthicum Heights 
Greene, John H., New York, N. Y Md. 
Guess, Algernon P., Camden, S. C Moncrief, D. B., Institute, W. Va 


(Continued on page 64) 





DON’T MISS 
THE 


Gust International 
INSTRUMENT 
CONGRESS & EXPOSITION 


Sept. 13-24 Sept. 15-21 
in Philadelphia 


, . 
fro “Uving 
over 80 technical sessions, including: 


Meteorology 

Micro- Analysis 
Microscopy 
Photogrammetry 
Geophysics Physical Properties 
Inspection & Gaging Measurement 
Mapping Production Processes 
Material Handling Testing 

Medicine Transportation 


Acronautics 
Atomic Radiation 
Chemical Analysis 
Data Handling 


Largest Exhibit of Scientific and Industrial 
Instruments and Apparatus Ever Held 


For invitation or further information, 
write or phone 
THE INSTRUMENT SOCIETY OF AMERICA 
1319 Allegheny Ave. + Pittsburgh 33, Pa. 
Telephone: Cedar 1-5621 i 
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BAKER PERKINS 


mixers for the rapid 
efficient mixing of 
all mixable 
materials 


CHEMICAL 


Vol. 50, No. 8 





Size 16—JWIM BAKER PERKINS 
Universal Vacuum Mixer with over- 
lapping cored Sigma blades and jacketed 
trough shell. Trough shell and cover are 
operoted by a single control lever. 30 hp 
motor. 


If it can be mixed, there’s a BAKER PERKINS Mixer that will do the job thoroughly and efficiently. 
In capacities to suit your requirements, B-P Mixers can handle materials ranging in consistency 
from dry powders and light fluids to stiff plastic masses. Here are just a few of the products being 
made and the mixing and kneading operations now being successfully performed in B-P machines: 


Foundry Sand Color Flushing 
Polyester-Fibers Plastics 

Adhesives Food Products 
Floor Tile Plastisols 

Carbon Electrodes Blending 

Vacuum Drying Paint and Varnish 


BAKER PERKINS INC. 


Rubber Dispersions 
Carbon Products 
Pigment Dispersion 
Chemical Reactions 
Rubber Products 
Dog Food 


282 


MACHINERY DIVISION SAGINAW, MICHIGAN 
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WHAT ABOUT CONTROL OF 


re LAUDS 


THE ANSWER IS 
THE EXCLUSIVE 


aD 
FLASH-FLO 


ELIMINATES... 


@ DESTRUCTIVE VIBRATION 
e@ TRIM DETERIORATION 


e@ HIGH NOISE LEVEI 


Complete Information in Bulletin 101-B 


HAMMEL-DAHL COMPANY 


17% POST ROAD WARWICK PROVIDENCE % I 


PMIPAC IMAL CUTIES 
‘ARMADA PMCLAND FRANCE AND HOLLAND 


MTSIMERVING, CO (,UELPH, ONT 


Visit our Booth 410-412, First International Instrument Exhibit—Philadelphia, September 13 thru 24. 
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This C.E.P. information service is a convenient 
way to get the chemical engineering information 
you need on the new equipment, on advertised 
products, on the newly announced developments 
reported on these pags. A one post card in- 
qviry designed to bring data quickly and easily. 
Circle the items of interest, sign your name, 
position, address, etc., and drop in the mail. 
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Aq 
Pred 9 I'M 
opeisog 


Just a moment is needed to learn how to use 
this insert. When looking through the front 
port of the magazine pull the folded portion 
of the insert ovt to the right, ond the numbers 
on the post card are convenient for marking 
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ss you poss the pull-out page, and it is on 
the left, fold the post card bock along the 
vertical scoring, and once ogain the numbers 
are handy for circling. 
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4A 


7A 


BL 


9A 


1CA 


TIA 


12k 


13A 


14A 


15A 


16A 


17A 


18A 


19A 


PRODUCTS 


Lovisville Cooler. Surface coolers, water tube coolers, 
and atmospheric coolers. 

Lovisville Drying Machinery Unit, General American 
Transportation Corp. 


Barrel and Drum Packer. Capacities of from 5 to 1,000 
Ib. Other models used for packing bags weighing 
up to 150 Ib. 

B. F. Gump Co. 


Centrifuge! Pumps. Made of “Karbate’” impervious 
graphite, also heat exchangers, towers etc 
National Carbon Co. 


Laboratory Stirrer. Direct and gear drive, fully enclosed 
ball bearing motor. Ranges from 400 rev./min. to 
5,000 rev./min. in stepless control 

Ace Glass, Inc. 


Crystallization Equipment. Shop view of unit 50 ft 
high and 11 ft. 3 in. in base diameter. Crystal 
appearance also shown. 

Struthers Wells Corp. 


Process Plants. Specializing in plants for: fats and oils 
fatty alcohols, resins, soaps and detergents, etc 
Industrial Process Engineers 


Lapp Pulsafeeder. Pumping rate is controlled by instru- 
ment air pressure responsive to variable flow, pH 
temperature, liquid level, pressure, or any other 
instrument-measurable processing variable 


Lapp Insulator Co., Inc. 


Filters. Standard drum continuous vacuum filters 
The Eimco Corp. 


Synthol. The Kellogg-developed process for catalytically 
reacting synthesis gas to produce hydrocarbon ma- 
terials and chemicals. 

The M. W. Kellogg Co 


“Rubberhide” Linings. Compounded from rubber or neo- 
prene to provide resistance to specific corrosive 
agents. 

Goodall Rubber Co. 


Diaphragm Control Valves. Type Y continuously con- 
nected side handwheel for emergency manual control 


Black, Sivalls & Bryson, Inc. Climax Controls Div 


Valves. 125-lb. iron body wedge gate equipped with 
Crane 18-8 SMo stainless steel trim 
Crane Co 


Radiant Heat Furnace. Can be brought to fully effective 
operation in five minutes. 
Blaw-Knox Co., Chemical Plants Div 


Rubber Expansion Joints. Made in all pipe sizes from 
% in. to 72 in. Round, rectangular, tapered or offset. 
The Garlock Packing Co. 


Complex Fertilizer. Complex fertilizer by @ continuous 
process. Will provide a complete, integrated plant 
Can now license Commercial Solvents’ Stengel! Reactor. 

The Chemical & Industrial Corp. 


Insulation. Explains how company saves fuel, reduces 
maintenance on outdoor tanks with insulation. 
Johns-Manville 


Processes and Plants. Features viny! chloride monomer 
plant built by Girdler. 
The Girdler Co. 


21A 


22A 


23A 


24L 


25A 


26A 


27A 


29A 


30A 


31A 


32A 


378A 


39A 


41A 


43A 





Aero After Cooler. Cools a compressed gas, or air, 
below the temperature of the surrounding atmosphere, 
preventing the condensation of moisture in lines. 

Niagara Blower Co. 


Process Engineers. Services for the atomic energy, 
chemical, petrochemical and oil refining industries. 
Catalytic Construction Co. 


Vacuum Drying Chambers. Production method for re- 
moving water and recovering valuable solvents safely 
F. J. Stokes Machine Co. 


Acetylene Derivatives Plant. The first commercial installa- 
tion in this country for the manufacture of acetylene 
derivatives based on Reppe Chemistry. 


Lummus Co. 


Tefion Packing. For use in manual, air or motor operated 
valves 
United States Gasket Co 


Valves. For chemical resistance qualities. Porcelain-to- 
porcelain seal. 
Lapp Insulator Co., Inc 


Celite Filtration. Nine standard grades. Microscopically 
controlled particle size. For removal of insoluble 
impurities from water, petroleum, chemicals, etc 


Johns-Manville 


Ammonia Synthesis. Casale ammonia condenser, de- 
oxidation reactor and converter. Designed, constructed 
and licensed by 

Foster Wheeler Corp. 


Process Piping. Engineering guidance and manufacturing 
Badger Mfg. Co. 


Stainless Steel Products. Stainless steel castings, valves 
and fittings. 
The Cooper Alloy Foundry Co 


Haveg Stacks. 200 ft. high with a 4 ft. diameter. Also 
towers, tanks, piping, valves, etc 
Haveg Corp. 


Heat Transfer Medium. Single vaporizer serves several 
consuming points with different temperatures at the 
desired degree. 

The Dow Chemical Co. 


Proportioning Pumps. Complete, self-contained and 
ready to operate. 
Proportioneers, Inc., Division of B-I-F Industries, Inc 


Tubing. Flexible, plastic pipe, in sizes up to 2 in. 1.D 
used as temporary or permanent acid and alkali lines 
U. S. Stoneware Co. 


Gasholders. Dry fabric seal eliminates maintenance 
problems. 

Wiggins Gasholder Div., General American Transportation 
Corp. 

“Meter that Pumps.” Positive displacement metering 
No frictional parts in liquid end. Capacity range: 
5 cc. to 6 gal./hr, 2,500 to 10,000 Ib./sq.in. 

Hills-McCanna Co. 


Pulverizers. For the processing of sugar. Also for the 
processing of chemicels, pharmaceuticals, cosmetics, 
soaps, fertilizers, and plastics. 

Pulverizing Machinery Div., Metals Disintegrating Co., 
Inc. 


Ball Bearing Swivel Fittings. Large fluid passageways 
reduce turbulence and increases flow. 8 basic styles— 
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over 500 models 
Emsco Manufacturing Co 


Rotary Kilns. Oil fired units can be rotated at speeds 
ranging from 2 rev./hr. to 5 rev./min 
The C. O. Bartlett & Snow Co. 


Ratio Controller. Regulates critical gas mixtures 
carbon black production. 


Minneapolis-Honeywell Regulator Co 


industrial Equipment. Dust and fume eliminators, indus 
trial ovens, spray booths, and mechanical washers 


Schmieg Industries, Inc. 


Graphite Electrodes, Anodes, Molds. Features chlorine 
for refrigerants and other cooling operations 
Great Lakes Carbon Corp., Electrode Div 


pH, Chlorine Tests. Three steps give the determination; 
compact, portable. Color standards carry guarantee 
against fading 

W. A. Taylor and Co 


Heat Exchangers. Solvent recovery equipment, extraction 
coils, evaporators, reaction vessels, etc 
Davis Engineering Corp. 


Tubing. Seamless tubing, welded stainless steel tubing 
welded carbon steel tubing. 
The Babcock & Wilcox Co., Tubular Products Div 


Valves. Teflon-faced plugs. Sizes from '/2 in. thru 2 in., 
for manual operation, or for use with air operators 
DeZurik Shower Co. 
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PRODUCTS (continued) 


Instrument Congress & Exposition. Sept. 13-24, Sept. 15 
21 in Philadelphia. Send for invitation or further 
information. 


The Instrument Society of America 


Mixers. Can handle materials ranging in consistency 
from dry powders and light fluids to stiff plastic 
mas°es 


Baker Perkins, Inc. 


Flash-Flo Plug. For control of flashing liquids. Eliminates 
destructive vibration, trim deterioration, and high 
noise level. 

Hammel-Dahi Co. 


Chillers. Provides chilled water for blending, mixing, 


external cooling or wherever required in processing 


operations. 


The Patterson-Kelley Co., Inc 


Pyrex Pipe. Glass offers advantages of non-contamina- 
tion, corrosion resistance, clear transparency, and 
light weight. 

Corning Glass Works 


Flowrites. Fiber plugs, guns and plugs, and bevel gear 
universal joints. 
Condenser Service & Engineering Co., Inc. 


Zipper Conveyor-Elevator System. For handling carbon 
black. Zipper belt teeth are automatically spread, 
meshed and locked by means of ball bearing rollers. 

Stephens-Adamson Mfg. Co. 


Chlorination. Slime control equipment designed for 
any need. 
Wallace & Tiernan 


Wire Cloth. Avaiiable in ali the commercially used 
metals. Sizes ranging from 4 in. (space cloth) down 
to 400 mesh. Catalog E. 

Newark Wire Cloth Co. 


Florite Desiccant. Orying agent absorbs water from 
static or flowing system. 
Floridin Co. 


Tantalum. Used for most acid solutions and corrosive 
gases or vapors except HF, alkalis, or substances con 
taining free SOs. Free booklet. 

Fansteel Metallurgical Corp. 


Vapor Condensers. Standard stainless steel vapor con- 
densers and thermosyphen reboilers. 
Doyle & Roth Mfg. Co., Inc. 


Exhaust Fans. Newly designed, 30% lighter than 
previous models. 
The Duriron Co., Inc. 


High Alley Castings. Features a carburizing fixture for 
ball bearings 12 in. diameter. Also a muffle for 
continuous strip annealing 12 ft. 6 in. long. 

The Duraloy Co. 


Antifoam A. Odorless and tasteless, silicone defoamer 
is physiologically harmless in foods at concentrations 
up to 10 parts per million. Also Antifoam AF, e 
dilutable defoamer containing 30% Antifoam A. 

Dow Corning Corp. 


Motors. Geared motor with solid shank pinion. Four to 
10,000 R.P.M., Va to 30 hp. 
U. S. Electrical Motors, Inc. 


Stacks. For venting corrosive fumes—inside or out. 
Resin bonded glass fiber laminate. 
The Chemical Corp. 


Pumps and Compressors. Built-in valve automatically 
prevents reverse flow through compressor and also 
dampens pipe line pulsations. 

Pennsylvania Pump & Compressor Co 


Meters. To deliver predetermined quantities for batch- 
ing. For continuous blending of two or more liquids. 
Bowser, Inc. 


Stainless Steel Products. Buckets, 8 in. pipe, Woodruff 
keys, pipe fittings, valves, cotter pins, nuts, wood 
screws, etc 


Schnitzer Alloy Products Co. 


Heat Transfer Equinment. Extra-tight tolerances on tube 
fit. Fabricated from various grades of carbon steel, 
stainless steel, stainiess and nickel alloy clad, etc 

Downington tron Works, Inc., Division of Pressed 
Steel Tank Co. 


Spraco Nozzles. Full cone, flat spray and hollow cone 
spray nozzles. Catalog 
Spray Engineering Co. 


Tricone Mills. Correct ball segregation. Greater grinding 
volume. Low wear in discharge grate. Bulletin. 
Hardinge Co., Inc. 


Package Engineering. Development of packaging ma- 
terials and packages for any product 
Foster D. Snell, inc 


Technical Data Books. Condensed data for the student, 
engineer, technical worker and business man. Catalog. 
Lefax 


Power Transmission Equipment. Flexible couplings, 
variable speed pulleys, speed transmission, and 
universal joints. 

Lovejoy Flexible Coupling Co. 


Proportioning Pumps. 7,500, 15,000 or 30,000 Ib./sq.in. 
working pressure by the interchange of piston and 
cylinder assemblies. 

American Instrument Co., Inc. 


Filtering, Mixing, and Storing. Filter, mixer, storage, 
and mixing tanks. Complete range of sizes and 
capacities. 

Alsop Engineering Corp. 


Ammonia Catalysts. To produce more ammonia without 
excessive expansion of existing facilities. 
The Girdler Co. 


Bubble Caps. Bulletin lists 200 styles. Special caps 
designed. 
The Pressed Steel Co. 


Laboratory Ware. Resistant to heat shock. For num- 
erous analytical applications. Bulletin. 
The Thermal Syndicate, Ltd 


Evactors. Illustration shows two 4-stage evactors in 
pharmaceuticals plant. Aliso jet mixers, jet heaters, ete. 
Croll-Reynoids Co., Inc. 


Engineering Service. Process and plant design, equip- 
ment design and procurement, construction and 
erection 


The Vulcan Copper & Supply Co. 


Mixing. Calibrated impeller provides a basis for accurate 
speed-diameter-horsepower. 
Mixing Equipment Co., Inc 





COLD WAT 


for processing operations 


l 


/€ chillers 

















A pk chiller provides chilled water for blending, mixing, 
external cooling or wherever required in processing operations. 
p& chillers feature a combination water storage tank 
and built-in chiller of corrosion-proof construction. 


With this design, smaller chilling surface 
and refrigerator compressor capacity can 
be used and the load factor is improved. 
Individual water coolers are dispensed with 
and concentration of cooling facilities in 
one central location reduces initial invest- 
ment and facilitates servicing. Fluctuating 
water requirements are easily met without 


temperature change. Any new or present 
compressor equipment can be used. 

pc storage water chillers are available 
in many sizes and in various kinds of 
materials to suit individual requirements. 
These same storage cooler units are appli- 
cable to any liquid cooling application, in 
process and other industrial plants. 


Write today for illustrated literature and engineering suggestions. 
Ask for Catalog No. 101. 


the Patferson-Kelley Co., inc. 


1780 Lackawanna Ave., East Stroudsburg, Penn 
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EQUIPMENT 


PVC Parts. Duravin a PVC material is now available 
from Wilmington Plastics Co. as pipe, pipe fittings 

threaded sizes '/2 to 4 in., valves, blowers, nuts & bolts 
Material is lightweight, resilient, corrosion-resistant, rigid 
& tough. Can be machined, threaded, drilled, sawed or 
welded. Bulletin gives properties, technical data, chemi 


cal resistance tables 


Telemetering System. System designed for automatic re 
mote control of industrial water & waste equipment 
developed by Automatic Control Co. Provides trans 
mission for thirty control or continuous proportional 
signals between transmitter & receivers to span dis- 
tances between outlying deep wells, reservoirs, treatment 


basins, storage facilities & central control centers 


Packaged Automatic Boiler Line. Orr & Sembower, Inc 
offers bulletin on Powermaster packaged automatic 
boilers for firing light oil or gas. Oil-firing equipment 
is a simplified mechanical pressure atomizing burner; 
for gas a special premixing gas burner is used. Com 
bination units for gas or oil. Sizes 15 through 100 hp 
covering steam requirements to 3,450 Ib./hr. Also hot 
water designs. Unit is a 3-pass boiler with single flue 


gas flow reversal at either end. 


Adjustable-Speed Drive. The electronic Select-A-Spede 
developed by Louis Allis Co. is designed for a.c. power 
lines & available with d.c. drive motors in NEMA frame 
sizes % to 15 hp. Speeds 5:1 to 100:1. Precision speed 
control; wide speed range available; adaptable to optional 


electrical & mechanical modifications 


Acid Wagon. Automorive Rubber Co., Inc. offers bulletin 
on acid buggy for handling corrosive chemicals with 
capacities to more than 400 gal Equipped with 
Saunders-type rubber-lined valves plus four 50-ft. lengths 


of acid hose with nozzles, etc 


Recording Controllers. General Electric Co. presents 
bulletin on potentiometric & a.c. bridge recorders & 
controllers. Designed for continuous measurement & 
control uninterrupted by periodic standardization. Features 
@ magnetic standard in potentiometric system & bridge- 
balancing unit in the a.c. bridge system. Either model 


available with electric or pneumatic control 


Vacuum Dryer. Called Conaform & developed by Patter 
son Foundry and Machine Co. new type vacuum dryer 
Used by manufacturers of temperature sensitive & easily 
oxidizable materials. Design permits continuous material 
circulation during cone rotation. No internal moving 


parts 


Weight Recorder. From Omega Machine Co. redesigned 
& improved equipment for checking & recording rate of 
feed of volumetric feeders by loss-in-weight method 
Compact, indicator scale shows content & refill point 
A 24-hr. recorder charts in 50- or 100-Ib. capacity records 


time of hopper reloading 


Packless Valve. Clifford Mfg. Co. announces bellows- 
type, packless valve designed for manual or pneumatic- 
hydraulic operation. All-metallic construction eliminates 
sliding or restrictive packings & insures positive leak 
tight seal minimizing wear & deterioration. Suitable for 
both high vacuum & pressure systems, mass spectro 
meters, etc. Pressures to 150 Ib./sq.in. with adaptations 


for higher pressures 
Gas Volume Meter. Miniature gas volume meter from 
J. J. Monaghan Co., Inc. Accuracy within 5% in range 


of 5 to 65 |. flow rate/min 


Separation Unit. Magnetic separation unit utilizing per- 
manent Alnico V magnets attached to pulley belt plus 
pulley belt introduced by Eriez Mfg. Co. Economical for 


separation of steel alloys from nonmagnetic materials 


Weighing & Filling Machine. Elec-Tri-Pak a semiautomatic 
weighing & filling machine from Triangle Package 
Machinery Co. Features high accuracy, weighs & fills 
to 20 packages/min., weight range 2 oz. to 5 Ib 


Straight Line Strainer. Newly designed straight-line 
strainer from Hays Mfg. Co. protects appliances, equip 
ment, valves, controls. Provides clean, uninterrupted flow 
of water, air, or gas. Eliminates unnecessary friction, 
loss & turbulence. Utilizes union couplings for easy in- 
stallation & cleaning. Parts are noncorrosive. Sizes 4- to 


l-in. pipe sizes 


Sump Pump. Class JU pump with top discharge from 
Black-Clawson Co., Shartle Bros. Machine Division. No 
packing boxes above or below impeller. Seven sizes 3- 
to 12-in. diam.; discharge capacities 50 to 4,000 gal./min 
Can be suspended in liquid or pump casing; can be 
grouvted into sump bottom. Available in variety of ma 


terials suitable to use conditions 


Liquid Level Control. Photoswitch, Inc. announces level 
control said to be versatile & efficient. Universal for 115 or 


230 v., 50- to 60-cycle supply 


Circuit Load Error Reduction. Latest edition of Keithley 
Instruments Engineering Notes describes techniques for 
reduction in circuit load errors. Also comparison charts 


& error magnitude information 


Explosion Proof Housings. Adalet Mfg. Co. announces 
manufacture of cast aluminum, explosion-proof housings 
for enclosing fuses, relays, starters, allied equipment 
operated in combustible atmosphere. Available for 2-in 


conduit or smaller 


Packaged Boiler. Compact, packaged boiler model CB 
announced by Cleaver-Brooks Co. Unit is self-contained 
for processing or heating, steam or hot water. Capacity 
15 to 40 hp. Provides silent operation, low decibel 
ratings, burns light oil without difficulty. Four-pass 


construction 


Selector Valve. Perfected by Republic Mfg. Co. a balanced 
selector valve handling pressures to 6,000 Ib./sq.in. with 
ease. Sizes % to | in. for 0 to 2,000 Ib./sq.in. & Ve to 1 in 
for 0 to 6,000 Ib./sq.in. for most services; for air & gas 
0 to 1,000 & O to 3,000 lb./sq.in, respectively. Three 


types of portings 


Metal Detector. Dings Electronics, Inc. Bulletin announces 
an electronic metal detector built in two types for deep 
burden service such as mining. Embodies ultrahigh sen 
sitivity—sensitive to all metals, ferrous or nonferrous, & 
said to detect even minute particles; protects against 
tramp metal damage. Variety of signal & reject arrange 


ments available 


Mannetic Grate. Developed by Eriez Mfg. Co. permanent 
magnetic grate flexible in design permits hoppers of 
any shape to be easily fitted Prevents shurdowns be 
cause of elimination of coniaminating metal materials 
from passing from hopper into machine. Easily main 


tained 


Magnetic Amplifiers. Bulletin from Magnetic Amplifiers, 
Inc. summarizes in table form line of 60 & 400 centipoise 


magnetic servo amplifiers, lists amplifier systems & their 
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servo performance. Also available standard or specially 
designed magnetic voltage regulators for motor gener 


ator & motor alternator sets 


Fireproof Hood. For protection of firefighter’s head, with 
built-in safety helmet available from Industrial Safety 
Specialties Co. Made of aluminized asbestos for greater 
heat deflection. Surface reflects more than 80% of heat 
For protection against falling objects an adjustable hard 
safety hat is riveted in top of hood. Riveted aluminum 
frame holds V4 in. laminated safety glass window 5 x 


6% in. providing unobstructed view 


Steam Cleaner. Bulletin on portable Spontane steam 
cleaner from Turbo Machine Co. Converts cold water 
to 80 Ib./sq.in. steam in 45 sec. Speed made possible 
by Hydro-Therm flow a patented preheating arrange 
ment. Operates at 80 to 125 Ib./sq.in. steam independent 
of city water pressure; automatic ignition, water level & 


pressure control 


Flushing Filters. Added to line of Homefilter Co., all 
bronze Por-O-Met reverse flushing filters. Application 
for 1- or 2-in. pipe connections. Remove suspended 
foreign matter & deliver clear liquid. Lifetime elements 
of sintered bronze microporous porcelain porous 
Alundum. Sizes for removing metter from 100 microns 


to .5 micron 


Worm Gear Thrust Roller. Manufactured by Rollaway 
Bearing Co., Inc. modified inner spacer sleeve of type 
SDT precision thrust roller bearing. Bronze inserts have 
been exchanged for one-piece high tensile sleeve of cast 
iron which, being homogeneous has uniform coefficiency 


of expansion, wears well, machines easily 


Portable Power Supply. Audio Products Corp. announces 
portable regulated power supply for use with their 
modular system electronic units. New unit is 15 in 

4% in. x 7 in.; weighs 11 Ib. Output of 80 ma 
+ 300 v. dc. 15 ma 150 r. d. c. & 8 amp. 6.3 v. a. « 


connected to units by standard modular power pl Qs 


Centrifugal Pump. Announced by Deming Co. new end 
suction centrifugal pump. Sizes 1- to 5-in. discharge; 
capacities to 1,000 gal./min.; maximum heads to 250 ft 
Available with electric motor or belt drive, or pump 
only. Illustrated binder insert bulletin covers materials 
of construction, performance tables & curves. For use 


with liquids, with lime, chips, etc 


Variable Capacity-Variable Head Pump. Allis-Chalmers 
Mfg. Co. new type ACAP variable capacity-variable head 
pump. Consists of internal bypass bolted to machined 
single-suction centrifugal pump. Capacity range 0 to 
full rating, on pumps to 35,000 gal./min. & heads from 


15 to 100 ft. with other variations possible 


Leakless Centrifugal Pump. Chempump a seal-less cen 
trifugal pump guaranteed to give leakproof service 
Available from Chempump Corp. Motor rotor integral 
with pump impeller Welded construction allows field 
dismantling & reassembly without loss in leakproof 


qualities. Outstanding for corrosive services 


CHEMICALS 


Fluorothene Resins. Technical data book from Bakelite 


Co. on fluorothene resins, their properties, forms, fabri 
cation. Digest of latest information portrayed in graphs 
tables, text Also recommendations on extrustion, in 


jection & compression molding 


Accelerators—Mineral Dressing Agents. (36) Delayed 
action accelerators are subject of booklet from Calco 
Division of American Cyanamid Co Includes general 
data, charts, etc 37) From the Mineral Dressing Dept 
bulletin on reagents titled “Mineral Dressing Notes 

Describes properties & applications of various chemicals 
used in ore benefaction processes Flotation bibli 


ography included 


Chemical Lists. From Arthur S. LaPine & Co. catalog list 
ing laboratory & industrial chemicals in quantities from 
ounces to hundreds of pounds. Sections arranged accord 


ing to application 


Carbon Black. Acheson Dispersed Pigments Co. offers 
abstract of research literature pertaining to carbon 
black protection of polyethylene, in new ADP technical 
bulletin. Particularly valuable to manufacturers of plastic 
pipe as well as wire & cable, since outdoor weathering 


protection of polyethylene is important 


lon Exchange Information available from American 
Water Softener Co. on dealkalization of boiler feed water 
experiences with chloride anion exchangers & capacity 
of exchange resins with new causti chloride dealka 


lization system 


Oils, Waxes & Greases. Detailed bulletin on Apiezon 
oils, waxes & greases for high vacuum work from 
James G. Biddle Co Also includes information on 
tachometers & speed indications, laboratory lamps, ele 


trical testing instruments, laboratory equipment 


Furan Base--Test Data on Coating Systems. (42) Bulletin 
from Carboline Co. features Furan flexible coatings. In 
creased resistance to acids, alkalies & solvents. (43) Con 
parison test data includes results on sixty coating 
systems of varied natural & synthetic origins subjected 


to sulfuric acid spray 


Polyester Resin Cement Mortar. Delrac Corp. announ 
new white, quick-setting polyester resin mortar for cor 
rosion-resistant masonry Available in liquid & powder 


for mixing when used 


BULLETINS 


Jacketed Fittings. J. P. Devine Mig. Co., Inc. bulletir 
covers jacketed pipe & fittings included are specif 
tions, dimensional charts. tables For use with various 


oils, resins, molten sulfur, & foods 


Gravity & Power Units. Complete line of package 
handling conveyor equipment from Standard Conve yor 
Co. described & illustrated in bulletin Available are 
roller conveyors, spiral chutes, slides, et Als« live 
rollers, vertical & record lifts. chain belts. etc Cross 


sectional views, power data specifications on eact prvi 


« 


Measuring & Control Equipment. From Simplex Valve 
and Meter Co., binder insert illustrated cata! gj On cor 

trollers gauges manometers valves venturi tubes 
Meany cross-sectional views, tables for dimensional data 


on each iter construction & installatior niormation as 


well as other pertinent data 


Electric Flow Meters. Penn Industrial Instrument Cor, 
leaflet on the Hays-Penn friction free flow meter said 
have highest accuracy based on null balance p 


float acts only as pilot; manometer available 
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constructions for 1,000, 1,500, or 2,500 Ib./sq.in 
operating pressure. Individually calibrated cams said to 
produce hairline accuracy, evenly divided flow chart, 
many schematic diagrams, tables, other data 


Process Equipment. Designed for the chemical & phar- 
macevtical industries and fabricated to individual re- 
quirements, metal equipment for processing. Leaflet 
illustrates individual items in line of Glasco Equipment 


Corp. Available in variety of materials 


Process Equipment. Vacuum & pressure impregnating 
equipment from J. P. Devine Mfg. Co.,, Inc. is de 
scribed & illustrated in folder. Applicable to chemical & 
allied process industries. Features extra sturdy con-— 


struction for long-continued trouble-free service 


Thermal Conductivity Units. Gow-Mac Instrument Co 
leaflet on Ever-Tite units. Respired air & enriched oxygen 
studies have used Gow-Mac T/C cells successfully as 
have workers in fumigant gases such as methyl bromide 
& carbon tetrachloride. Eight filament bridges have 
outputs of 200% of those for the four filament bridges 


Insulating Brick. Harbison-Walker Refractories Co. revised 
bulletin on six types of insulating brick important to 
refractories users. Includes data on brick in classes 
from 1,600" F. to 3,000° F. Features a 2-page thermal 
data chart giving heat losses, heat-storage capacities, 


cold-face temperatures for insulated walls 


Steam Boiler Protection. Titled “Laying-Up Equipment,’ 
folder from Hall Laboratories, Inc., on subject of safe 
guarding steam boilers, turbines, other similar equipment 
when laid up during shutdowns. Suggests protective 


methods 


Ball Valves. Ball valves designed & engineered for use 
in water works in general industrial applications subject 
of bulletin from S. Morgan Smith Co. For working 
pressure of 150 Itb./sq.in. with 125 Ib./sq.in. ASA 
flanged. Lever moves rotor 90° to open or close 
valves. Accomplished by linkage from crosshead. Char 


acteristics, diagrams, tables of sizes included 


Jet Mixer. Said to provide accelerated reactions, 
emulsify immiscible liquids, reduce particle size agglom- 
eration, circulate evenly with no vortex. Information 
on sizes, capacities, operational theory, etc. in folder 


Hermas Machine Co 


Motor Selector, A 12-page bulletin (B-2102) from 
Reliance Electric & Engineering Co., for use in choosing 
quickly Reliance squirrel cage induction motor for 
applications from 1 to 200 hp. Lists performance 
characteristics, construction features, other essential 


information 


Filters. Graver Water Conditioning Co. bulletin tells 
how filtration of water or other liquids for industrial use 
can be obtained simply, economically & efficiently by 
use of Graver diatomite filters. Said to save up to 
50% in wash water over sand or anthrafilt filters 
Schematic diagrams, illustrations, other descriptive 


material included 


Replacement Valve Bodies. Two types of replacement 
pinch valve bodies for flang d and slipover pipe types 
in rubber, neoprene, butyl, Buna S & N, also special 
compounding. Data sheet from General Rubber Corp 


Mastic Coating. Palladium Mastic Corp. of America type 
T coating is developed to prevent corrosion of metal 
surfaces by acid or alkaline fumes. Highly rustproof for 
use on structural iron work. Vapor sealing & impervious 


to moisture. Employs Gilsonite as base, with asbestos & 


other inert mineral fillers. 


Spectrophotometer. Perkin-Elmer Corp. illustrated bro 
chure on features & advantages of double-beam model 
21 infrared spectrophotometer. May be run routinely or 
under varied operating schedules. Flexibility in resolution 
programs, scanning speeds, response times, spectra 
presentation & recording speeds. Specifications, other 


data 


Grinding Laboratory Service. Illustrated bulletin from 
Rietz Mfg. Co. on laboratory services available for 
testing applications of size reduction, continuous mixing 
& dissolving & heat exchange equipment. Testing units 
can be installed for actual production on trial-rental 


plan basis. Testing done without charge 


Control Instruments. Thermoelements of noble & base 
elements are discussed in folder from Chas. Englehard 
Inc. Also thermocouple protection tubes, available in 
Va- %- & |-in. pipe sizes, any desired length with one 
end threaded, one closed. Each type fully described with 


tables, other information 


Conveying Data Book. Continental Gin Co. engineering 
data book !ID-541 now available on screw conveyors 
Various sizes & types with line drawings & dimensions 
Includes standard, also unusual types & their applications 


Plug Valves. Binder insert reference book 39-sections, 
from Homestead Valve Mfg. Co. on lubricated plug 
valves in full-port & venturi types, sizes to 14 in. with 
choice of self-sealed two-piece or one-piece plug 
designs. Also pertinent engineering information. Section 


5-A covers line of lubricants 


Compressors & Vacuum Pumps. Operation & construction 
of Allis-Chalmers fAfg. Co. single-stage water-cooled 
rotary compressors & vacuum pumps for air or gas 
handling requirements listed in bulletin. Cites economy 


reasons, covers construction & general specification details 


Handling Systems. Bulletin 400 from Gifford-Wood Co 
illustrates specific industrial examples of material-handling 
systems Technical information, section on mechanical 
methods for transfer & feeding of bulk materials, 
ilustrations & text on nine types of elevators, conveyors 
& feeders 


Alloy Castings. Titled “Heat Resistant and Corrosion 
Resistant Alloy Castings in Industry,” illustrated bulletin 
from International Nickel Co., Inc. Compiled for users 
of stainless & heat-resistant alloys in cast form. Charts 
compare creep strength of various alloys, resistance to 
corrosion in certain media, & to oxidation at high 
temperatures. Tables of composition list principal Alloy 
Casting Institute designations, also certain proprietary 


alloys 


Engineering Services. Brochure on services offered by 
Barnes & Reinecke, Inc. Range from design, engineering 


& testing of processing equipment to special machines 


Diaphragm Slurry Pumps. Having no stuffing box, pack 
ing, motor, high-speed-moving parts Oliver United Filters 
Inc. diaphragm slurry pump requires no delicate adjust 
ments. Handles varied slurries & abrasive solutions both 


hot & cold. Bulletin 309-R available 


Metering & Proportioning Pumps. K-type reciprocating 
hydraulic drive metering & proportioning pump is subject 
of folder from Hills-‘McCanna. Explains operation, illus- 
trates design features, gives complete capacity & pressure 
information on entire line. K-type is completely enclosed 


in-line, direct acting 
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This PYREX” pipe 
“Switchboard” 
does an 
unusual materials 


handling job 


If you toured the pilot plant of Merck 
& Co., Inc. in Rahway, N. J., you'd 
see this glass pipe “Switchboard” 
action speeding the progress of 
new products from research toward 
early production. 

The system is constructed of one- 
and two-inch Pyrex brand “Double- 
Tough” glass pipe arranged in circuits 
much like a telephone switchboard. 
Operators direct flow from various 
origins to a number of widely sepa- 
rated destinations just by adjusting 
valves located in pipe manifold sta- 
tions similar to the one illustrated here. 

[his system provides the flexibility 
needed in handling the transfer of 
constantly changing variety of chemi- 
cals from one processing stage to an- 
other. And Merck has constructed its 
PYREX pipe switchboard system so 
that it is instantly adaptable to han- 
dling materials with greatly different 
production cycles. 


But why PYREX pipe? 

Merck chose Pyrex pipe for this com- 
plicated installation because only glass 
offers them all four of these necessary 
advantages: 


Operator at one of Merck's Pyrex pipe “Switch 
boards” 
lines in the manifolc 


. Clear Transparency 


. Light Weight 





“Th Hr 7 


The pipes are casy to clean and can be quickly 
switched to handling any number of different 
chemicals 


can cross-connect any of the glass pipe 
bank casily and quickly 


even with operating temperatures as 
high as 250°F. In addition, Pyrex 
pipe can be installed by regular plum- 
bers or pipefitters 


the severest chemical service. It is 
unaffected by all acids except hy- 
drofluoric. 

Affords com- 
plete inspection at any and all 
points at all times. Trouble can't 
hide behind glass. 


Let us show how PYREX pipe 
can help you 

Perhaps this Merck installation sug 
gests some PYREX pipe application for 
plant where greater 


PYREX pipelines re- 


quire a minimum of support. 


your corrosion 


1. Non-Contamination—PyYREx pipe is 
chemically stable. It won't react 
with or contaminate the contents of 
the pipeline. It protects product 
purity. 


. Corrosion Resistance—PyYREX pipe 
remains corrosion free even under 


Easy to clean . . . in place 
A detergent run through Pyrex pipe- 
lines followed by water or low pres- 
sure steam flushing, or both, generally 
removes all traces of past contents 
And Pyrex brand “Double-Tough” 
glass pipe is Experienced 
users report no breakage problems 


durable 


resistance, improved product purity, 
or visual inspection can reduce your 
operating give you closer 
quality control. Why not discuss your 
problems with the nearest PYREX pipe 
representative—or mail the coupon 
below for personal attention or fur- 
ther information. 


costs oF 


CG wang means resach «a Cladd 


I—-—-—-- ee ee ee eK KF eH FF 7" 


a CORNING GLASS WORKS 


28 CRYSTAL ST., CORNING, N. Y. 


DISTRIBUTOR LIST: 
BELMONT, CALIFORNIA 


Glass Engineering Loboratories 
FRESNO 17, CALIFORNIA 
Valley Foundry & Machine Works 
NEW HAVEN, CONNECTICUT 
Macalaster Bickne!| Company 
ATLANTA 1, GEORGIA 

Will Corporation of Go 
CHICAGO 44, ILLINOIS 

Fred S. Hickey, inc 

NEW ORLEANS, LOUISIANA 
W. H. Curtin & Company 
CAMBRIDGE 39, MASS. 
Maocolaster Bickne!! Company 
ST. LOUIS 4, MISSOURI 
Stemmerich Supply inc. 

LODI, NEW JERSEY 

Mooney Brothers Corporation 


ALBANY 5, NEW YORK 

A. J. Eckert Industrial Soles Corp 
BUFFALO 5, NEW YORK 
Will-Buffalo, inc 

ROCHESTER 3, NEW YORK 
Will Corporation 

PITTSBURGH 19, PA 

Fisher Scientific Company 
HOUSTON 7, TEXAS 

W. H. Curtin & Compony 
SEATTLE 4, WASHINGTON 
Scientific Supplies 
MONTREAL 3, QUEBEC, CAN 
Fisher Scientific Company, Ltd 
TORONTO, ONTARIO, CAN 
Fisher Scientific Company, Lid 
VANCOUVER, 8. C., CAN 
Scientific Supplies 


Piease send me the printed information checked below 
PYREX brond Dowble-Tough 
YREX brond Gloss Pipe in the Process Industries’ (EA.1) (p 
PYREX brand Cascode Coolers’ (PE-8) {A catalog) 


| 

! 

| 

| 

(EA.3 | 
| 

Piease hove o PYREX pipe sales engineer get in touch with me | 
! 

! 

I 

! 

! 


(A complete cotolog 
cossfyu 


Gloss Pipe and Fittings 


cture-poge. of sw 


installations) 
Nome 
Company 


Street 
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CANDIDATES 


Mooma, F. M., San Francisco, Calif. 
Mroz, Edmund A. J., Malden, Mass. 
Nekervis, 8. J., Charleston, W. Va. 
O'Keefe, Joseph A., Wilmington, Del. 
Pizzirani, Donald A., Alcala, Madrid, Spain 
Roudabush, H. Glenn, Bristol, Pa. 
Schramm, Lester W., Rifle, Colo. 
Spence, Sydney P., Bloomfield, N. J. 
Steiner, Walter T., Nutley, N. J. 
Unson, Miguel &., Manila, Philippines 
Wharton, John, Mobile, Ala. 

Wunn, Merlin O., Willow Grove, Pa 


Associate 


Agvillerd, Paul W., Groves, Tex. 
Alderman, Ernest S., Jr., Freeport, Tex 
Anderson, Richard A., Akron, Ohio 
Applegate, Donal G., Bauxite, Ark. 
Appleman, Gabriel, Brooklyn, N. Y. 
Arceneaux, Webster J., Jr., Mobile, Ala. 
Arnold, H. K., Jr., Baytown, Tex. 
Backstrom, Frank M., Fayetteville, Ark. 
Boker, A. Landon, Jr., Springfield, Pa. 
Baloun, Calvin H., Cincinnati, Ohio 
Bishop, Truman B., Midland, Mich. 
Boardman, Grant C., Monroe, La. 
Boddington, John T., London, England 
Boggs, Richard L., Middletown, Ohio 
Briggs, D. B., Jr., Memphis, Tenn. 
Brown, Barrett B., Niagara Falls, N. Y. 


(Continued from page 64) 


Brown, Richard C., Spiceland, Ind. 
Brutvon, Donald R., Troy, N. Y. 

Buck, James N., Chicago, Ill. 
Cagnetta, John P., Brooklyn, N. Y. 
Clancy, Henry Fielden, New York, N. Y. 
Cole, Robert, Devon, Conn. 

Colter, Alan L., Buffalo, N. Y. 

Conkling, William C., East Aurora, N. Y. 
Corbett, John P., Des Plaines, iil. 
Costner, Thomas E., Jr., Fultondale, Ala. 
Cox, Robert P., Warrenton, Va. 
Danziger, Benjamin H., New York, N. Y. 
Davis, Charles W., Little Rock, Ark. 
deVries, Egbert, Washington, D. C. 
Dewhirst, Omar A., Jr., St. Louis, Mo. 
Digeser, Henry J., Pittsfield, Mass. 
DiPinto, Joseph George, Claymont, Del. 
Dowling, Daniel John, St. Albans, W. Vo 
Dudley, Richard E., Lima, Ohio 
Economos, Peter, Saco, Me. 
Eichelberger, William C., Lancaster, N. Y 
Gaddy, Burrel C., Jal, N. M 

Galloway, George F., Denver, Colo. 
Gartner, David H., Columbus, Ohio 
Gilman, Michael G., Bronx, N. Y. 
Gluckstein, Martin E., Ann Arbor, Mich 
Goldman, Max, Buffalo, N. Y. 
Goldstein, Lester, Brooklyn, N. Y. 
Grenley, Raymond H., Pittsfield, Mass. 
Hanna, Taj Fraser, Dayton, Ohio 
Harter, Gilbert A., Midland, Mich. 


Heicklen, Julian, Rochester, N. Y. 
Heliw'g, Langley R., Austin, Tex. 
Hempill, Hugh G., Chicago, Ill. 

Hopper, James S., Newark, Del. 
Huber, Richard E., Newark, N. J. 

Jeske, Norman, Kenoshe, Wis 

Johnson, Rolland E., Roscoe, Ohio 
Jones, Bill M., Little Rock, Ark. 
Kawasaki, Edwin P., Cleveland, Ohio 
Kedl, Robert J., Oak Ridge, Tenn. 
Kelley, Walter Harvey, Wheat Ridge, Colo. 
Kivien, John A., Brooklyn, N. Y. 

Korosh, Stephen, Williston Park, N. Y. 
Kovary, Eugene Joseph, Jersey City, N. J. 
Kozel, William J., Cleveland, Ohio 
Lance, Robert, Chicago, Ill. 

Leist, Nelson R., Norwood, Ohio 
Lempert, Frank L., Pittsburgh, Pa. 
Leyse, Carl F., Idaho Falls, Idaho 
Lightcap, Edward H., Bellmawr, N. J. 
Lojek, Joseph M., Ambridge, Pa. 

Lott, John O., Avon Lake, Ohio 

Lyon, Richard E., Jr., Bloomfield, N. J 
Mathews, Richard C., Whiting, Ind. 
Matton, Jose Luis, New York, N. Y. 
McCarty, William H., Drexel Hill, Pa. 


Minderman, Peter, Port Clinton, Ohio 


Mitchell, Ralph |., Columbus, Ohio 


Mohan, Alfred E., Philadelphia, Pa. 


Moody, L. Gilbert, Vincent, Ohio 
(Continued on page 66) 





/PECIALTE ES eece 
make your plant run Smoother 


The “Conseco” Specialties shown 
here are a few of the many 
we have developed to simplify 
maintenance, reduce costs and 
step up performance in your 
steam plant. We carry these 
items in stock in standard sizes 
for prompt delivery, or special 
sizes can quickly be made to 

















1 


Flowrites of various sizes 


Air erosion of tube inlets can be com- 
batted by Flowrites, sometimes called 
“inserts” or “wearing sleeves.” 


Conco Gun and Plugs 


For slime, algae, vegetable matter or soft 


Flowrites serve as a replaceable wear- 
ing section and are fitted te the inlet 
ends of tubes. 


order. Descriptive Bulletins sent 
on request. 


flaky scole deposits, use the hydraulically 
operated Conco Gun and Plug. Can be fit- 
ted with adapters and plugs for any size 
tube 


“CONSECO” PRODUCTS 
AND SERVICES 


Retubing | 
Condensers | 
Evaporators | 
Alr Ejectors 

Heat Exchangers 

Flowrttes | 

Tube Plugs | 


Bulletin Available for Above Items 


14% 


Fiber Plugs 


ws 


Bevel Gear Universal Joints 


Conco Plug and Guns 
Revel Gears 
Instrument Repair 
Service 
Blackburn-Smith 
Filters and 
Grense Extractors 
Metal Spray 


The right type of tube plug will elimi- 
nate mony operating difficulties. Only 
fiber plugs have proven completely sat- 
istactory. 

In stock for all standard tube sizes. 


Bevel Geor Universal Joints are designed 
and built to give positive transmission of 
torsion regordiess of shoft angle. A sim- 
ple, flexible and economical solution to 
the problem of shaft line-up. 











: Ae Cc | us 
- ring ag eee ve 


N. Y. Tel.: BArclay 7-0600 





HOboken 3-4425 ° 
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Sie ee 


th 


General view of S-A Zipper Conveyor-Elevator System for han- 


dling carbon block 


Since the Zipper units operote in the open, 


they ore protected from the weather by steel casings 


Push Buttons Route Carbon Black Through Dust-Tight 
Lipper Distributing System 


Vol. 50, No. 8 


Remote control plus complete mechanization 
keynotes this conveying and storage system at the 
Dayton Rubber Company’s Dayton, Ohio plant 


Push buttons replace bag handlers a singh 
operator at a centralized control panel directs 
the 7-ton-per-hour flow of carbon black from 
hopper bottom rail cars, through storage, re- 


claiming and delivery to mixers in the plant 


Sesides climinating the excessive cost of handling 
the carbon black in bags, the system has greatly 
reduced degradation of the pelletized black and 
has practically done away with dust 


Incoming cars are spotted over the Zipper stor- 


STEPHENS-ADAMSON MFG. CO. 


57 Ridgeway Avenve, Avrora, Iilinois 
Les Angeles, Calif., Belleville, Ontaric 


Engineering 
Division 

Standard Products 
Division 


Speciciists in the design ond 
monutocture of all types of bulk 
materials conveying tystems 

A complete tine of conveyor 
occe sores acltuding cent t 
looders—car pullers—bin level 
controls e 

A complete tine of industrial 
bol! bearing units available in 
both stenderd ond specicl 
housings 


Sealmaster Division 


Chemical Engineering 


OISCHARGE Via 
MOTOR ORivVEN 
TRAVELING OI SCHARGER ZIPPER 
CARBON BLACK 
HANDLING SYSTEM 
FOR 
DAYTON RUBBER COMPANY 


STORAGE XS 
TANAS OVER 


Mi kERS 


STORAGE 
ein 

















FEED via 

MOTOR ORivEN 

TRAVELING FEED CruTEe 
a 2208 


Sketch illvetrotes fiow of carben block 


through storage to processing vic three 
ZIPPER belt conveyor-elevators. Note unit 
feeding from track hoppers which eperotes 
mn two plones 


Zipper belt teeth ore avtomatically spread 
meshed ond locked by means of boll bear 
ing rollers os the belt travels post the 
feeding station 


age conveyor, which feeds from cach one of the 
three track hoppers progressively selected at the 
control panel. At the 8-compartment storage 
bin, a motor driven swivel spout directs the flow 
of black to the proper compartment. In _re- 
claiming, from storage, a Zipper Conveyor- 
Elevator discharges to a 238-foot Zipper that 
filling of the storage 


provides selective mixer 


bins. 


If you have a dust or degradation problem, find 
out how much an S-A Zipper System offers you 
Send for full data now 


STEPHENS-ADAMSON MFG. COMPANY 


57 Ridgeway Avenue, Aur: ra, tilinois 


Please send us Bulletin No. 349 on ZIPPER Conveyors 
Nome 
Compony 


Address 


Progress 





Where you need 
HEAT | EXCHANGE 


Be sure you have 
SLIME 


CONTROL 








Whether you heat or cool water 
for make-up, process or any other 
use, you will need Wallace & Tier- 
nan Chlorination to help combat 
slime problems introduced by water- 
borne bacteria or air-borne bacteria. 

With slime control equipment 
designed for any need, built for last- 


ing and dependable service, highly 
accurate and backed by over 40 years 
of successful application experience, 
Wallace & Tiernan Chlorination can 
help you increase the efficiency of 
your plant and cut operating costs. 
For further information write our 
Industrial Division. 


WALLACE & TIERNAN 


25 MAIN ST., 


BELLEVILLE 9, N. J. 


CHLORINATORS * CHEMICAL FEEDERS ¢ SCREENING EQUIPMENT ¢ MAGNETIC SEPARATORS 


© PRECISION PRESSURE INSTRUMENTS ¢ 


CATHODIC PROTECTION © FINE CHEMICALS 


cD-39 
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CANDIDATES 
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Mukai, Taro, Seabrook, N. J. 


O’Brien, Noel G., Louisville, Ky. 

Oliver, Mario H., Jr., Caracas, Venezuela 
Pashalis, Alexander W., Cincinnati, Ohio 
Picou, Courtney F., New Orleans, La. 
Planchet, Robert Jules, New Orleans, La. 
Plywaski, William, Troutdale, Ore. 


| Post, George A., New York, N. Y. 
| Price, Harold G., Jr., Salt Lake City, Utah 


Rabinowitz, Allan C., Brooklyn, N. Y. 
Ragofsky, Howard, Brooklyn, N. Y. 
Rhoden, Edgar |., Buffalo, N. Y. 

Roberts, John W., Jr., Columbus, Ohio 
Robirds, Kenneth D., Ei Dorado, Ark. 
Robinson, Chester D., Columbus, Miss. 

Roe, Sheldon F., Jr., Elmira, N. Y. 

Saffell, Marlin Kay, El Dorado, Ark. 
Salonga, Luz C., Diliman, Q. C. Philippines 


| Sanghvi, Manoj D., Columbus, Ohio 


Say, Manvel B., Cleveland, Ohio 


| Scharfenberger, Gerald K., Louisville, Ky. 


Schilling, Fred P., Idaho Falls, idaho 
Seeley, Donald C., Verona, N. J. 

Selak, Patrick J., Augusta, Ga. 

Semonian, Suren A., Joliet, iil. 

Shappert, Lawrence B., Belvidere, Iii. 

Sivori, John H., Bloomingdale, N. J. 

Smith, Marvin F., Jr., Wilmington, Del. 
Sperry, William T., Jr., North Plainfield, N. J. 
Sprout, William H., Zanesville, Ohio 
Stearns, Bill B., Little Rock, Ark. 

Stickle, Fred O., Leonia, N. J. 

Stone, Gordan E., Hammond, Ind 
Streckfuss, Harold R., Pasadena, Tex 
Swartz, William E., Harrisburg, Pa. 

Taylor, William F., Akron, Ohio 

Ten Eyck, Peter A., St. Petersburg, Fla 
Thacker, Charles C., Jr., Portsmouth, Ohio 
Tomzhinski, Armando, Rio de Janeiro, Brazil 
Tostevin, W. C., Hamilton, Ontario 

Toth, Edward Ralph, Jr., Cleveland, Ohio 


| Vamos, James E., Cleveland, Ohio 


Vardaman, D. A., Port Arthur, Tex. 

Veley, Floyd A., Leonardsburg, Ohio 
Vaughan, A. E., Jr., Cleveland, Ohio 
Waggner, Charles Edwin, li!, Baltimore, Md. 
Weidman, R. J., Memphis, Tenn. 


| Weiser, Robert Bruce, Wilmington, Del 


Willaver, David E., Haddonfield, N. J. 
Wirtz, Lynn, Little Rock, Ark. 


| Wolffe, Franklin D., Washington, D. C 


Yaeger, A., New Orleans, Lo. 
Yerina, James A., Norwood, Ohio 


Ziemann, Carl N., Cleveland, Ohio 


CHEMPUMP HAS 
UNDERWRITERS’ RATING 


Chempump Corp. has announced that 
its sealless centrifugal pumps have been 
listed by Underwriters’ Laboratories 
for explosion-proof operation. They are 
possibly the first centrifugal pumps to 
have this rating on both pump and mo- 
tor. The pumps afford Class 1 Group D 
protection for pumping solvents and 


| light hydrocarbons at capacities to 180 


gal./min. and at heads to 90 ft 
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ENGINEERING BOOKS 
NEEDED IN FORMOSA | 


The need for technical literature, par- 
ticularly on chemical engineering and 
chemistry, on the part of engineers in | 
free China has been stressed recently | 
by Thomas C. Doody, adviser in chem 
ical engineering to the Taiwan College 
of Engineering in Formosa. Although 
a number of books and periodicals have 
been sent through the efforts of the 
Engineers Joint Council, the need is 
still great at the two major technical 
schools on the island. Anyone who can 
contribute needed material may address 
Dr. Doody at F.O.A. Mission to China, 
A.P.O. 63, Postmaster, San Francisco, 
Calif 


COMBUSTION INSTITUTE 
FOUNDED 


The Fifth Annual Combustion Sym- 
posium, to be held from Aug. 30 through 
Sept. 3, 1954, at the University of Pitts- 
burgh, will launch the new Combustion 
Institute, an outgrowth of the Standing 
Committee on Combustion Symposia 
Ihe interests of this new organization, 
iccording to its officers, embrace a field 
of scientific activity not covered by the 
meetings of established societies, al 
though it cuts across many scientific and 
engineering disciplines 

rhe institute will have an international 
committee that will be responsible for 
rganizing and conducting the sympos 
ia of the institute and the publication of 
papers. Further information may be ob- 
tained from the institute at the Alcoa 
Building, Pittsburgh 19, Pa 


INDUSTRIAL MEETINGS 
ON THE INCREASE 


In the constant battle for better and 
quicker communications among engi- 
neers working in rapidly expanding 
fields a number of companies have in- 
stituted meetings of one to three days’ 
duration to which interested industrial 
personnel ire invited to hear papers on 
a particular subject and to participate 
in discussion groups 

Typical of these meetings was a 
high-pressure-equipment clinic held by 
Autoclave Engineers, Inc., in their Erie, 
Pa., plants on June 21 and 22. Thirty 
research officials from Midwestern in 
dustrial organizations discussed prob 
lems in technique and listened to a talk 
on experiments being pursued at the 
University of Illinois in gaseous dif- 
fusion, thermal diffusion, liquid dif- 
fusion, and solubility under high pres- 
sures by Harry G. Drickamer, professor 


PVM liilelelaielals 
Wire Cloth 
Check Point 


eg 
Our skilled workmen and pre- 
cision looms combine to make 
precision wire cloth that meets 


the most rigid specifications. 
All shute wires are parallel 


a = 
and all warp wires are parallel 
as they must be, to assure a 
uniformly woven cloth with no 


defects. One or two open 


spots in a wire cloth could completely spoil the most painstaking 


screening operation. 


In addition to its uniformity and freedom from imperfections, Newark 
Wire Cloth is noted for accurate mesh counts. Available in all the 
commercially used metals, Newark Wire Cloth is woven in sizes rang- 
ing from 4 inches (space cloth) down to 400 mesh. 


We maintain a large stock of the commonly used metals and sizes, 
and are in a position to make prompt shipments. Let us quote on your 
requirements. When writing, please give us details on your process. 


Send for our New Catalog E. 


“e'e'e"e"*" 
Coe 


/ 
NEWARK 


ey Wire Sloth 


COMPANY 
351 VERONA AVENUE * NEWARK 4, NEW JERSEY 
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of chemical engineering at the univer- 
sity. 

Earlier in the year, from Apr. 27 to 
29, a meeting on corrosion in the chemi 
cal process field was held at The Inter 
national Nickel Harbor Island 
testing station. Stress and velocity ef- 
fects on corrosion were considered, as 
was high-temperature corrosion, and a 
session was devoted to questions from 
the chemical engineer guests. 


Co.'s 


Among similar meetings held this 
year have been a three-day conference 
on corrosion-resisting equip- 
ment, also in April, offered by The 
Pfaudler Co., Rochester, N. Y., to rep- 
engineer- 


process 


resentatives from chemical, 
ing, and instrumentation firms, and one 
by Cooper Alloy Foundry Co. of Hill 
side, N. J., which on June 24 reviewed 
for design engineers in various indus 


tries the latest developments in alloys 









































and here’s why: 


It absorbs water instantly from 
gases and liquids in either a 


static or flowing system, is insoluble and will not swell or 
disintegrate in water. FLORITE gives a low dew point depres- 
sion, and agressively resists “poisoning effects” which perma- 
nently destroy adsorption qualities. 

Let us prove that Florite is the most economical of the 
granular agents and best suited to your desiccant requirements, 
ioo. Inquiries receive prompt attention. 


PLORIDIN COMPAN 


220 Liberty Street 


Adsorbents 
Desiccants 
Dilvents 


Warren, Pa. 


Chemical 





Engineering Progress 


and the use of shell molding and cast- 
weld construction. 


THREE A.E.C. CENTERS 
TO INFORM INDUSTRY 


Stanford Research Institute, Stanford, 
Calif., and the John Crerar Library in 
Chicago have been named by the At- 
omic Energy Commission as_ national 
industrial information depositories of 
unclassified information, 
in addition to the previously announced 
Atomic Industrial Forum of New York 
They have been established to cover the 
western and midwestern and 
Hawaii and Alaska and will receive new 
unclassified reports of special interest 
to industry and reproducibles of engin- 


atomic-energy 


states 


eering drawings as they become avail 


able from the Atomic Energy Com 


mission 


AID TO ENGINEERING 
FILES OFFERED 


A list of references for the organiza 
offices and 
the Engi- 
Covering 


tion of files 
libraries is 
neering 
classification and 


in engineering 
available from 
Societies Library 
indexing and use of 
hand-sorted punched-card systems for 
books, notes, correspond 
the 


seventy 


engineering 
ence, abstracts, drawings, etc., 
mimeographed list 
nine annotated references and is avail 
able from the library at 29 West 39 
St., New York 18, for two dollars. 


contains 


A.E.C. TO BUILD HEAVY- 
PARTICLE ACCELERATOR 


Construction of two _ heavy-particle 
accelerators, one at Yale University and 
one at the University of California 
Radiation Laboratory, has been author- 
ized by the Atomic Energy Commis- 
sion, which will contribute $1,200,000 to 
each project. Most particle accelerators 
built to date utilize relatively light par- 
ticles. The new accelerators will accel 
ate atomic nuclei ranging from beryl- 
lium, with an atomic weight of 9, to 
neon, with an atomic weight of 20. Both 
machines will be linear accelerators, 
accelerating nuclei to an energy of ap 
proximately 10 million electron volts 
for each particle in the nucleus, power 
sufficient to allow the nuclei to interact 
with even the heaviest known elements. 

The accelerator at California will be 
used primarily in nuclear chemistry 
studies, such as the possible production 
and identification of new elements and 
new isotopes of known elements. The 
Yale unit will be used in studies of the 
physics of heavy-particle nuclear re- 


actions. 
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ENGINEERS LAUNCH 
TECHNICAL REGISTER 


Registration of engineers for the 
National Register of Scientific and 
Technical Personnel will be conducted 
by the Engineers Joint Council, accord- ° 
ing to a recent announcement by the The single cost of 
National Science Foundation, which nnd un tT 
has made two grants for the registra- 
tion of chemical engineers and chemists TA N TA LUM 

The engineering section of the reg- 
ister will be limited to about 20,000 
leaders among the estimated 500,000 ° 
engineers in the United States. To be 1s much less than 
based on Who's Who in Engineering 
and other sources, the list will consti- 1, 
tute a “finder’s list” to provide an effec- t t f 
tive means of nl ha engineers for e many COS S O 
special projects. The list will be main- 


tained by E.J.C T 
Questionnaires are currently being X ae 


mailed by the American Chemical So- 
ciety to about 50,000 chemists, and it 
is expected that eventually some 65,000 


chemists will be included in the reg- r : , ‘ 
ister. Other professional societies col- | ro, Yalan costs do not end simply with equip- 
lecting registration information are the ment replacement. A complete analysis 
> > co : ; o} ea Sci- . . . - 

American Institute of Biological Sci- | must include shutdowns, lost production time, 


ences, 40,000 registrants; Federation of : : : 
American Societies for Experimental product contamination and spoilage, fume dam- 


Biology, 10,000; American Veterinary age to buildings and associated equipment, pos- 
sible injury to personnel. Compare this myriad of 


Medical Association, 14,000; American 
Geological Institute, 18,000; American | : : , : 
Psychological Association, 11,000; costs against the single outlay for Tantalum, the 
American Institute of Physics, 15,000; metal that is not merely “corrosion-resisting”’, but 
American Meteorological Society, 10,- 
000; American Mathematical Society, 
12,000. ; . 

If you are processing hot or strong acid solu- 


tions, if you are making a pure product in which 


acid-proof, 


LUKE SUCCEEDS 
BECKERLEY AT A.E.C. equipment contamination or side reactions can- 


Charles D. Luke, chairman of the de- not be tolerated, tantalum is probably the most 


partment of chemical engineering at economical material of construction you can use. 
Syracuse University, will succeed James : . , ‘ 

G. Beckerley as director of the office of Experienced Fansteel engineers are at your serv- 
classification, Atomic Energy Commis- ice for consultation at no cost to you. 

sion. Dr. Beckerley is resigning on 
Aug. 31, 1954, to return to private in- Use Tantalum with economy for most acid solutions 
dustry. He has been with the Atomic and corrosive gases or vapors except HF, 
Energy Commission since October, alkalis, or substances containing free SO,. 

1946, and was appointed head of the clas- 
sification office July, 1949. A brief bio- 
graphy of Dr. Luke appears on page 80 
of this issue. 


CHEMICAL FIRMS BID 
ON BUTADIENE PLANT 


A joint bid for a Government-owned 
butadiene plant has been submitted by 
Merck & Co., Inc., and Climax Molyb- 
denum Corp., according to a recent 

f Ask for a copy of our free booklet 


announcement. Although it cannot be ee n : . — 
completed until March, 1955, by Con- Acid-Proof Tantalum Equipment for Chemical Operations ° 


gressional arrangement, the joint ven- FANSTEEL METALLURGICA L CORPORATION 


ture if achieved will be operated by the 
NORTH CHICAGO, ILLINOIS, U.S.A, 


/ 


companies on an equal basis. A discus- 
sion of the eight Government-owned 
butadiene plants appeared on page 64 


of the August, 1953, issue of C.E.P. 32402C 
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DOYLE & ROTH 


VAPOR CONDENSER 


MODEL— VT 


D & R passes on to you the economies 
accruing from its standardization program. 
Starting with engineering and following 
through on construction, economies are 
substantial, Materials are purchased to 
rigid specifications and standard compo- 
nents are stocked. ASME standards govern 
fabricating procedures. 


Standardized equipment PAYS .. . 
* LOW FIRST COST, 
% PROMPT SHIPMENT, 
w® EASILY REPLACEABLE PARTS 
obtainable from stock. 


Sena Courer Today 


DOYLE & ROTH Manufacturing Co., Inc. 


_—— 


vw 

[e) 
Q 

e 


140 Twenty-fourth Street, Brooklyn 32, N. Y. 


Please send further information CEP-854 
and details on D. & R. Model VI-Vapor Condenser. 


| 
1 
| 
FIRM NAME... ie 
INDIVIDUAL . Cte te co ; eee 
nm i 

i 

d 


ADDRESS , ‘ i chccmewes 
Gee os wwe : STATE 


70 Chemical Engineering Progress 


DRAFTING OF ENGINEERS 
SCORED BY CHILTON 


The need for effective utilization of 
engineers and scientists under the na- 
tion’s selective service policy was 
brought to the attention of Congress 
by Thomas H. Chilton, chairman of the 
Engineering Manpower Commission of 
Engineers Joint Council, in a letter to 
Senator Alexander Wiley, which ap- 
peared in the Congressional Record. 
A similar letter from Dr. Chilton was 
published in The New York Times of 
July 11. 

The letter to Senator Wiley said in 
part that the “implementation in Selec 
tive Service and in the Department of 
Defense of the concept of Universal 
Military Service . . . is threatening our 
entire graduate student program, taking 
many hundreds of engineers and scien 
tists from the laboratories and installa 
tions that produce modern weapons and, 
in general, is enforcing a level of medi- 
ocrity of performance which is making 
it increasingly difficult for our techno 
logical manpower to make its highest 
contribution to the national well-being.” 

In rebuttal to an editorial in the 
Times referring to a shortage of physi 
cally qualified young men available for 
military service, Dr. Chilton wrote, “A 
cursory examination of the statistics 
will indicate that current induction re 
quirements can be easily met without 
making any substantial inroad on the 
relatively small number of specialized 
personnel within the military age group 
whose intellectual attainments and tech 
nical training make them vitally neces 
sary to the advancement of science and 
engineering.” 


TWO POLYETHYLENE 
UNITS FOR 1955 


Erection of two new plants for the 
manufacture of polyethylene was an- 
nounced recently, both units being 
scheduled for completion in 1955. A 
polyethylene unit for its Tuscola, III, 
plant is projected by National Petro 
Chemicals Corp., and Koppers Co. will 
produce polyethylene plastic at its Port 
Arthur, Texas, site 

Koppers will produce polyethylene in 
pelletized form for sale to molders and 
extruders. National will supply its prod- 
uct in bulk shipment on a long-term 
contract basis 

National Petro-Chemicals engineers 
plan to divert low-pressure ethylene re- 
cycle streams from the polyethylene 
plant to the other ethylene-consuming 
processes at the plant which require a 
raw material lower in purity than that 
of the new unit. Facilities of the unit 
have been designed to permit rapid ex- 
pansion in production to three and four 
times the original capacity 
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EUROPEAN JOURNAL 
ON NUCLEAR ENERGY 


\ publication to be devoted to the 
“scientific, engineering, biological, and 
economic aspects of nuclear energy and 
its by-products” has been announced by 
the Pergamon Press, Ltd., of London 
To be known as the Journal of Nuclear 
Energy, the periodical will be restricted 
mainly to papers on original work, al 
though a few review articles may oc 
casionally be included, as well as book 
reviews and conference reports. Papers 
may be in English, French, or German 
and each will be preceded by an abstract 
in English. The journal will be a 
quarterly with about 300 pages to a vol 
ume. Papers may be submitted to the 
journal at 242 Marylebone Road, Lon 


don, N.W. 1, England 


AIR POLLUTION STUDIED 
IN CALIFORNIA 

The first report of the Southern Cali 
fornia Air Pollution Foundation, re 
cently issued, suggests the type of activ 
ity that will be or is being undertaken 
by more and more industrial communi 
ties. Entitled “The Meteorology of the 
Los Angeles Basin,” the report, accord- 
ing to authors, Morris Neiburger 
and James Edinger, summarizes avail 
able information on the surface and 
upper air conditions in and around Los 
Angeles in an effort to trace the paths 
of air pollution. 

The foundation is an independent 
nonproht corporation devoted to study- 
ing and assisting in combating the pol 
lution of air. Members of the board 
of trustees include representatives of in 
dustries in the region, as well as edu 
cators and businessmen. President and 
managing director is Lauren B 


Hitchcock 


COMPLETE CENTENNIAL 
VOLUME AVAILABLE 
rhe full texts of more than one hun 
dred papers delivered at the Centennial 


of Engineering at Chicago in 1952 are | 


contained in the “Centennial of Engi- 
neering: History and Proceedings of 
Symposia,” published by the Centennial 
of Engineering, 1952, Inc. The papers 
are in the fields of the chemical indus 


tries, education and training, food, tools, | 


transportation, mineral industries, struc 


tures and construction, communications, 


energy, health and human engineering, 
and urbanization. 


Also included in the volume is the | 


record of the observance: the theme and 
philosophy, the celebration activities 
and the script of the stage presentation 
“Adam to Atom.” 

The book may be obtained at a cost 
of $10 from The American Society of 
Civil Engineers, 33 West 39 Street 
New York 18, N. Y. 
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Wherever corrosive fumes 
are exhausted, 


spasiimthe complete exhaus 


new line of acidproof, 


all-metal DURCO fans 


When you know that fumes to be exhausted 
are corrosive, why install anything less than 
a fan which will handle them permanent!) 

Newly designed DURCO exhaust fans are 
all metal—Duriron casing with Durimet 20 


2 


multi-blade rotor—for complete corrosion 
resistance. They're 30% lighter than pre 
vious models. They're lower priced and save 
the cost of down-time and labor for repair 


or replacement. Full facts in Bulletin F/1 
BELT DRIVE. 
Adaptable to voried 
opplications. 


8 STANDARD DISCHARGE ARRANGEMENTS 


Also available for angular discharge 


DURIRON CASING 
All metal sections for 
complete corrosion 


resistance 


DURIMET 20 
MULTI-BLADE ROTOR 
High corrosion 
resistance and 
capacity increase 


of over 50% 


FABRICATED STEEL BASE 
Weight reduction 
with greatest strength 


Mail coupon for Bulletin F/1 


THE DURIRON COMPANY, Inc., Dept. CEP, Dayton, Ohio 
Please send Bulletin F/1 on DURCO B-124 Fans. 

NAME 

COMPANY 
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FUTURE MEETINGS and Symposia of the Institute 





MEETINGS SYMPOSIA 
GLENWOOD SPRINGS, COLO., Hote! Colorado, 
Sept. 12-15, 1954. 

Technical Program Chairman: Dr. Charles 
H. Prien, Head, Chem. Div., Denver Res. inst., 
Univ. of Denver, Denver 10, Colo. 


Agglomeration 


CHAIRMAN: A. P. Weber, International Engi- 
neering, Inc., 15 Park Row, New York, N. Y. 


Uranium Processing and Refining 


CHAIRMAN: R. H. Long, Vitro Eng. Div., Vitro 
Corp., 120 Wall St., New York, N. Y 


Oil Shale and Shale Oil Processing 
CHAIRMAN: W. |. R. Murphy, Pet. & Oil Shale 
Exp. Station, U. S. Bureau of Mines, P. O. Box 
621, Laramie, Wyoming 

Deadline Past 


ANNUAL—NEW YORK, WN. Y., Statler Hotel, Dec. 
12-15, 1954 

Technical Program Chairman: G. T. Skaperdas, 
Assoc. Dir., Chem. Eng. Dept., M. W. Kellogg 
Co., 225 Broadway, N. Y. 7, N. Y. 

ASST. CHAIRMAN: N. Morash, Titanium Div., 
National Lead Co., P. O. Box 58, South Amboy, 
N. J. 


Reaction Kinetics 


CHAIRMAN: N. R. Amundson, Dept. of Chem. 
Eng., Univ. of Minnesota, Minneapolis 14, Minn. 


Gas Absorption 


CHAIRMAN: R. L. Pigford, Div. of Chem. Eng., 
Univ. of Delaware, Newark, Del. 


Solvent Extraction 
CHAIRMAN: Dr. R. B. Beckmann, Dept. Chem. 
Eng., Carnegie Inst. of Tech., Scheniey Park, 
Pittsburgh 13, Pa. 


New Processes Utilizing Moving Beds 


CHAIRMAN: N. Morash, Tit. Div., National Lead 
Co., P. O. Box 58, South Amboy, N. J. 


Biochemical Engineering 

CHAIRMAN: C. W. Weil, Chas. Pfizer & Co., 
11 Bartlett St., Brooklyn 6, N. Y. 

Deadline Past 


LOUISVILLE, KY., Kentucky Hotel, March 20-23, 
1955 


Technical Program Chairman: R M. Reed, 
Tech, ir., Gas Proc. Div., The Girdier Corp., 
Lovisville 1, Ky. 


Heat Transfer 

CHAIRMAN: R. L. Pigford, Div. of Chem. Eng, 
Univ. of Delaware, Newark, Del 

Deadline—November 20, 1954 


HOUSTON, TEXAS, Shamrock Hotel, May 1-4, 
1955. 


Technical Program Chairman: J. 1. Frank- 
lin, Res. Assoc., Humble Oil & Refining Co., 
P. O. Box 1111, Baytown, Texas. 


Nucleation Processes 


CHAIRMAN: D. W. Oakley, Plant Mgr., Metal & 
Thermit Corp., 1 Union St., Carteret, N. J. 
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MEETINGS SYMPOSIA 

Flow of Fluids Through Porous Media 
CHAIRMAN: H. Dayton Wilde, Mgr. Res. Div., 
Humble Oil & Ref. Co., Box 2180, Houston 1, 
Tex. 


Azeotropic and Extractive Distillation 
CHAIRMAN: Dr. D. E. Holcomb, Dean of Eng., 
Texas Technological College, Lubbock, Tex. 

Deadline—Januvary 1, 1955 


LAKE PLACID, N. Y., Lake Placid Club, Sept. 
25-28, 1955. 


Technical Program Chairman: L. J. Coulthurst, 
Chief Proc. Designer, Foster Wheeler Corp., 165 
Broadway, New York 6, N. Y. 


Deodline—May 25, 1955 


ANNUAL—DETROIT, MICH.—Statler Hotel, Nov. 
27-30, 1955. 

Technical Program Chairman: T. J. Carron, 
Supervisor, Chem. Eng. Section, Ethyl Corp., 
Res. Labs., 1600 West Eight Mile Road, De- 
troit 20, Mich. 


Photochemical Processes 
CHAIRMAN: Prof. J. J. Martin, Dept. Chem. 
Eng., Univ. of Michigan, Ann Arbor, Mich. 

Deadline—July 27, 1955 


LOS ANGELES, CALIF., Statler Hotel, Feb. 26-29, 
1956. 


Technical Program Chairman: T. Weaver, 
Proc. Eng., The Fluor Corp., Ltd., Box 7030, 
East L. A. Station, Los Angeles 22, Calif. 


Deadline—Oct. 26, 1955 


ANNUAL—BOSTON, MASS., Hote! Statler, Dec. 
9-12, 1956. 


Technical Program Chairman: W. C. Rousseau, 
Proc. & Sales Eng., Badger Mfg. Co., 230 Bent 
St., Cambridge 41, Mass. 

Deadline—August 9, 1956 


UNSCHEDULED 


Centrifugation 


CHAIRMAN: J. O. Maloney, Chairman, Dept. 
Chem. Eng., Univ. of Kansas, Lawrence, Kan. 


Extraction of Hydrocarbons for Chemical Use 
from Pipe Line Gases 


CHAIRMAN: E. E. Frye, J. F. Pritchard & Co., 
210 W. 10th, Kansas City 5, Mo 


Bubble Mechanics 


CHAIRMAN: Prof. R. C. Kintner, Dept. Chem 
Eng., Ill. Inct. of Tech., 3300 Federal St., Chi- 
cago 16, Ill 





ONE-DAY ANNUAL SYMPOSIUM 


New York Section, New York City—Octo- 
ber 13, Hotel Statler 
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AUTHOR INFORMATION 


Submitting Papers 


Members and nonmembers of the 
A.1.Ch.E. who wish to present papers 
at scheduled meetings of the Institute 
should follow the following procedure 

First, write to the Secretary of the 
A.1.Ch.E., Mr. S. L. Tyler, American 
Institute of Chemical Engineers, 120 
East 41st Street, New York, requesting 
three copies of the form “Proposal to 
Present a Paper Before the American 
Institute of Chemical Engineers.” Com- 
plete these forms and send one copy to 
the Technical Program Chairman of the 
meeting for which the paper is intended. 
one copy to the Assistant Chairman of 
the A.I.Ch.E., Program Committee, ad- 
dress at the top of this page, and one 
copy to the Editor of Chemical Engi- 
neering Progress, Mr. F. J. Van Ant- 
werpen, 120 East 41st Street, New York. 

If you wish to present the paper at 
a particular symposium, request 4 copies 
of the proposal sending a copy to the 
Chairman of the symposium. 


Before Writing the Paper 


Before beginning to write your paper 
you should obtain from the meeting 
Chairman, or from the office of the Sec 
retary of the A.I.Ch.E., at 120 East 41st 
St., New York, a copy of the A.I.Ch.E 
Guide covers the essentials required 
for submission of papers to the A! 
Ch.E. or its magazines. 


Copies of Manuscript 


Five copies of each manuscript must 
be prepared. For meetings, one should 
be sent to the Chairman of the sym- 
posium, and one to the Technical Pro- 
gram Chairman of the meeting at which 
the symposium is scheduled. If no sym 
posium is involved, the two copies should 
be sent to the Technical Program Chair- 
man. The other copies should he sent to 
the Editor’s office. All manuscripts sub- 
mitted to the A.I.Ch.E. Editor are 
automatically considered for C.E.P., the 
A.I.Ch.E. Journal, and the Symposium 
Presentation at a meeting is no 
that manuscripts will be 


Series. 
guarantee 
accepted. 


Chairman, A.1.Ch.E. Program Committee 
George Armistead, Jr., George Armistead 
& Co., 

1200 18th St., N.W., Washington, D. C. 


Assistant Chairman 
L. J. Coulthurst, Foster Wheeler Corp. 
165 Broadway, New York 6, N. Y. 


August, 1954 








PREVIEW 
Glenwood Springs Meeting 
(Continued from page 35) 


coupled with Tuesday’s trip to the Oil 
Shale Experimental Station of the Bu HIGH ALLOY 
reau of Mines at Rifle. In the project 
area oil shale is trucked from mines CASTINGS 
down a twisting, vertical shelf road to 
the plant, 2,200 feet below. There the 
oil shale is crushed, retorted, and refined 
The tour will include the mine, the pilot 
plant, the new gas-combustion retort, 
and the thermal cracking and treating 
units 
The Monday afternoon symposium 


Uranium Ore Processing, will be fol 

Carburizing Fixture for Ball 

Climax Uranium Company at Grand ah. Bearings Dig ciameterm 
— : ' . : 1 Analysis 350% Ni— 15% Cr 

Junction where a modern mill recovers 


lowed by 1 Wednesday trip to the 


vanadium and uranium concentrates 
from ores mined in Colorado and <i ; 
Utah. Certain information is classi Phe, = ‘ 
hed, but the visitors will see the = haege S 7 : a HIGH ALLOY 
first step in the production of material 2 Y ats | ; ; a 
for atomic energy [his area is the 2 oes 5 ae oe te ; CASTINGS 
center of activities for the Atomic En ‘ : : ’ . 
ergy Commission and for many private 
companies prospecting, mining, and mill 
ing uranium ore. Persons taking this 
trip must prove United States citizen 
ship 

Symposia on Agglomeration, The Role 
of Chemical Technology in Resources 
for the Future, and a general papers 
session round out the Technical Pro 
gram 

For those staying through Thursday, 
a trip to the Climax Molybdenum Com 
pany near the Fremont Pass will cover 
the largest underground mine in North 
America, located at 11,300 feet alti 
tude. It produces 27,000 tons of ore pet 
day, which provides two thirds of the 
supply of molybdenum to the free world 
"he mill at Climax processes the or Muflle for Continuous Strip Annealing 
and recovers concentrates The trip 12’ 6” long Analysis 38°% Ni In Of 


itself is a sightseeing wonder 
LARGE or small DURALOY, can do it! These are 
just typical examples of the work moving through our 
foundry. Some of these castings are designed for heat 


Especially for ., § resistance, some for corrosion resistance, some for 

the Ladies . abrasion resistance; all are cast by experienced 
foundrymen. All are carefully tested in our 
up-to-date laboratory. 


If you have a high alloy casting problem... LARGE or 
small, we can help you. For more information, send 
for Bulletin No. 3150-G. 


\ mid-morning coffee hour is planned 
for Monday, and it is rumored that the 
hotel will set up tables for bridge de 
votees. For Tuesday, a luncheon is 
planned at the Crystal River Lodge, a 
forty-room castle built in 1902 by the 
founder of the Colorado Fuel and Iron | COMPANY 
Company. It is now operated as a guest 
lodge, but the lavish decorations and New k 17 NY 
furnishings are still in use. The ladies 
may inspect the main rooms of the 
mansion and its grounds 
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DOW CORNING 
ANTIFOAM AA 
kills foam in... 
(170 pounos 


4 4000 GALLONS 
varnish resin 


4 2332 POUNDS 
neoprene latex 


43 TONS asphalt 


4 Effective at very low concentrations, 
Dow Corning Antifoam A Com 
pound is the most economical, the most 
efficient and versatile foam- 
killer developed Odorless 
tasteless, this silicone defoamer is phys- 
iologically harmless in foods at concen- 
10 parts 
and food 


the most 


ever and 


trations up to million. 
Thousands of chemical pro- 
cessing plants depend on Dow Corning 
Antifoam A to cut processing time, to 
save productive capacity now wasted on 


and 


per 


foam, and to eliminate wasteful 


hazardous overflow 


DOW CORNING ANTIFOAM AF EMULSION 


is a dilutable defoamer containing 30% 
Antifoam A It is 
equally versatile and equally effective 


easily dispersed, 
against aqueous foamers. It is safe to use 
in food processing at concentrations up 
to 10 parts Antifoam A per million parts 
of the foamer 


a_— 


mail coupon TODAY for \ 
free sample 


ye 
—_ = oe ow ow oe an 
Dow Corning Corporation 


Midland, Mich., CS-20 | 


Please send me data and o free sample of 


Dept 


[_] Dow Corning Antifoam A 
or [) Dow Corning Antifoam AF Emulsion 


| comeany ——_____ 


4 
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Glenwood Springs Meeting 


Historically 
Speaking 


her 
formed 


( olorado mountains source ol 


wealth and secret of her lure 


a forbidding barrier to early nineteenth 


century trail blazers. The ever present 


haze of the Rockies seemed a repelling 


lorce. Early explorers veered north 


| through Cheyenne or south, bordering 
| the Spanish territory 


What is now the 
Glenwood Springs area at the junction 
of the Fork and 
Rivers seemed destined to remain for- 


Roaring Colorado 
ever a natural paradise 

Captain John ¢ 
western 


Fremont came into 
over the Tennessee 
Pass in 1845 in the first recorded visit 


Colorado 


by a white man, thirty-one years before 
Colorado’s the 
Astor City founded at the foot 
of Battle Mountain on the Eagle River 
by a fur trader in the employ of John 
Jacob Astor; first settle 
ment precipitated no great rush into the 
The Meeker Massacre was not to 
Meeker, friend 
of Horace Greeley, was appointed agent 
for the Ute Reservation. He undertook 
to force a rapid change in the Utes 
hunter farmer 
Chief Colorow, patron of the “healing 
led the Indians 
in their last great attempt to drive out 
the white man in the battle precipitated 
by the inflexible Meeker, which 
Meeker life. Active 


the area began in the eighties after ban 
’ 


ishment of the Utes to their Reservation 


admission to Union. 


was 


however, this 


area. 


from and warrior to 


waters” of Glenwood, 


cost 


his settlement of 


industrially Speaking 


here q 


the 
magnet of the Rockies was the precious 
The 1860's the 
ment of the gold boom towns of Denver, 
Central City Hill, 


and Georgetown. During the next dec 


Elsewhere in Colorado, as 


metals saw establish 


Breckenridge, Gold 
political development 


ade, complicated 


included a battle with Texas forces at 
tempting to occupy the territory for the 
Confederacy. During this time the ex 
gold and silver progressed 
Until 1890 a 
of the history of Colorado was written 


After this, indus 


traction ot 
ata rapid rate great part 
in the mining camps 
trial 
de velopment by 
strikes and lockouts in the mines. Mar 
tial law was necessary in 1894, 1896-7, 
and 1903-4. Questions of railways, fran- 


conditions became confused and 


seriously curtailed 


union scales, and sheep 
and cattle both 


the political and economic troubles of 


chises, wage 


interests entered into 


these years. 
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SIMPLIFIED WITH 


YNGROGEAR 


The power-packed 
motor that internally 
gears its speed 


Don’t go to the expense of install- 
ing a gear box with extra coupling 
and guards to rig up slow speed for 
a motor. Install the U.S. Syncrogear 
motor and avoid extra contraptions. 
You'll simplify your power hookup, 
save space, eliminate hazards and 
give your driven machine the most 
efficient power. The U. S. Syncrogear 
motor was one of the first complete 
integral power units, introduced 23 
years ago. 


% The only geared 
motor with solid 
shank pinion 


SYNGROGEAR 


OTOR 4 TO 10,000 R.P.M. 

im 1/4 TO 30 HP. 
Mail Coupon for 16-pg. Booklet 

REQUEST FOR SYNCROGEAR BOOKLET 


U. S. ELECTRICAL MOTORS Inc. CEP-8 
Box 2058, Los Angeles 54, Calif. or Milford, Conn 











Zone Stote__. 
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PLA-TANK® STACK 
THE ANSWER 
TO YOUR 
FUME PROBLEM? 


Shown here is a light-weight, easily- 
erected PLA-TANK stack which 
handles fume exhaust at the new 
thorium plant of the Lindsay Chemical 
Co., West Chicago, Ill. 

The stack has a 44” diameter, is 69’ 
long including 90° elbow, cross run to 
fan chamber and riser beyond fan. 
There are inlets from three floors to 
handle exhausts from individual tank 
systems. Stack was prefabricated with 

anges for fast installation. 

PLA-TANK STACKS may also be 
the answer to your problem of venting 
corrosive fumes — inside or out. Con- 
sider these many advantages 

manufactured from long-life, 
resin-bonded glass fiber laminate 
. resistant to a wider variety of 
fumes and temperature than ever 
before 
not affected by extremes in 
weather 
; -¢ weight, easy to install; 
need less rigging and support; 
save handling, freight, shipping 
charges 
. competitively priced; available 
in diameters to 60” 


let us help yeu selve your problem the 
modern way — with PLA-TANK STACKS. 
Write todey for free data sheets. 


P-20 


1 Comical 


CORPORATION 
e Waltham Ave., Springfield 9, many 
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The Colorado “labor wars among 
the most important struggles betwee 
abor and capital, were certainly the 
most sensational of our history \ state 


} rol 


ward of arbitration was created 
1896, but its usefulness was impaired by 


nev getic! il’s ( pinion { 1901 } 


that it could not entorce subpoet is, con 


pel testimony, or entorce decisior 
law establishing an eight-hour day tor 
underground and _ smelter workers 
(1899) was unanimously voided by the 
State Supreme Court. In 1902 the peopl 
amended the constitution and ordere 
the general assembly to re-enact a law 
for laborers in mine smelters, and 
dangerous employments 

As for present-day industry, mining 
of the base metals—zinc, lead, and cop 
pet 1s dominant and gold and silver 
are recovered. Colorado ranks first 
uranium, vanadium, and molybdenum 
Uravan contains the largest uranium re 
hining mill based on a new process 101 
ores with high lime content. The Rocky 
Flats Plant near Denver also conduct 

anium processing. At Climax is the 

ond largest underground mine in the 
aan Colorado contains the larg st 
bituminous coal reserves in the United 
States and the second largest sub-bitum 
inous. The Rocky Mountain Region pro 
duced 109 million barrels of oil in 1951, 
ind Denver has fast become an im 
portant oil town with more than 270 
oil producers and ten rehning com 
panies 

United States reserves in shale oil 
dwarf known oil reserves. The gover: 
ment operates an experimental plant at 
Rifle, which was started by the Bureau 
of Mines in 1945 to develop a proces 
for oil extraction from oil shale. Ot 
the 2,600 square miles of oil shale 
Colorado, a 1,000 square-mile area ot 
the Piceance Creek basin has been very 
well defined and is estimated to conta 
400 billion barrels of oil in a 500-ft 
thick measure assaying 15 gallons pet 
ton of shale. Colorado houses many 
smaller chemical industries: rubber, 
gar refining, insecticides, cement 
paint 

Although early magnet of the Rocki 
wa precious metal, agric ulture fol 
lowed closely and it has had a tabiliz 
ing influence on Colorado’s economy 
ever since Cattle and sheep provide 
the high deilar volume product and 
ugar beet hay, grain ind potatoes 
iT¢ important crops Pulpw 
tion, which appear 
poses an intriguing potent 
ist business should not be 

liscussion of Colorado | 

Program of technical paper 
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When You Buy 


Pumps ana Compressors 


DO LONG LIFE 
You EASY MAINTENANCE 
WANT | RELIABILITY 


These Are BUILT-IN 
y PENNSYLVANIA 


AIRCHEK VALVE 


Automatically pre- 
vents reverse flow 
through Compres- 
sor and also 
dampens pipe 


line pulsations. 


This Check Valve should be on EVERY 


Compressor Bullet yt 





OILFREAIR & OILFREGAS Compressors 
Class ATL with steel-backed carbon cylin- 
der-liners. Guaranteed to compress free of 
any trace of oil or oily vapors. 

Bulletin 600 t 


PENNSYLVANIA 4-Stage THRUSTFRE 
Centrifugal Pump for Boiler Feeding, Gen- 
eral Power Plant and Industrial Use 


Bullet 


YOUR Copy of Catalog , 
scribes All PENNSYLVANIA Pr 
Write For it Today 
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... SPEED 
PRODUCTION 


AN 
= 


--» MODERNIZE YOUR LIQUID 
HANDLING METHODS NOW 


Install Bowser XACTO, the meter thet's 
changing chemical processing habits. 
Wherever accurate measurement is es- 
sential to assure product uniformity .. . 
XACTO will do the job. 
XACTOS speed production, too. For 
batching just set them to deliver pre- 
determined quantities . . . and they will 
shut themselves off. For continuous blend- 
ing of two or more liquids use the Xecto 
Blending System. 
Write or call 

for complete information 
BOWSER, INC. 
1393 Creighton Ave., Fort Wayne 2, Indiene 
Seles Offices—ATLANTA + CHICAGO + CLEVE- 
LAND «+ DALLAS + DETROIT + KANSAS CITY 


+ LOS ANGELES + NEW YORK «+ PITTSBURGH 
* SAN FRANCISCO «+ HAMILTON, ONT. 
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pers, faucets, floats, gouge glasses, 
hinges, hose clamps, machine screws, 
pipe, poils, pumps, rivets, scour 
cloths, sight flow glasses, taper pins, 
tubing, tubing fittings, ware, weld- 
ing fittings, wheel brushes and 
mony cthers. 

Types 302—303—3(4—316—347 

Carpenter 20 
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PEOPLE 


The appointment of Carl F. Prutton 

as vice-president and technical director, 

chemical  divi- 

sions, Food Ma- 

chinery & Chem- 

ical Corp., New 

York, was re- 

cently announced. 

Dr. Prutton grad- 

uated from Case 

Institute of Tech 

nology in 1920 

and joined the 

staff of the school 

as an instructor. In 1936 he was ap- 

pointed head of the department of chem- 

| istry and chemical engineering, a posi- 

| tion he held until 1948. From 1942 

to 1944, he was chief, process develop 

ment branch, Office of Rubber Director 

and a consultant to the War Production 

| Board, Dow Chemical Co., and the 

| Lubrizol Corp. In 1948 Dr. Prutton 

| joined Mathieson Chemical Corp. as di 

rector of research and a year later was 

appointed vice-president, director of op 

erations, engineering and research, serv 

| ing also as an officer and director of a 

number of Mathieson Chemical Corp 
subsidiaries. 


J. D. Booker is now technical 
cialist in technical service division, Bay- 
town (Texas) refinery, Humble Oil & 
He received his B.S. de 


spe 


Refining Co. 
gree in chemical engineering at the Uni- 
versity of Texas in 1941 and joined the 
technical service division at Baytown 
immediately. As a technical specialist, 
his activities will be primarily in the 
fields of process designs of new installa- 
tions and following their initial opera- 
tions in the refinery. 


Russell L. Jenkins is now associate 
director of inorganic chemical research 
in the research department, 
research and engineering division, 
Monsanto Chemical Co. In 1927 he 
joined Swann Chemical Co. and went 
to Monsanto when it acquired Swann 
in 1935. He 
group leader, 
research for the organic chemicals divi 

| sion, and in 1940 became director of 
research for the former phosphate divi 
sion. When the inorganic chemicals 
division was organized in January of 
this year, Jenkins became director of 
science of the division. He has done 
extensive work in the fields of biphenyl 
derivatives, dielectrics, synthetic deter 
gents and isocyanates. He has also 
worked on several classified projects 

| for various government agencies. 


chemical 


served successively as 


assistant director of 


August, 1954 








The appointment of Edward J. Goett 
is director of a newly-created commer 
cial development department of Atlas 
Powder Co., Wilmington, Del., was re 


cently announced. He received his B.S INSIDE 


degree from Fordham University in 
1939 and his chemical engineering de STORY 
gree from Columbia University in 1942 
For the past twelve years he has been 
employed by the Charles Pfizer Co 


Starting in the research and develop 
ment division of that company in 1942 





he was appointed manager of sales ce 

velopment in 1948 and elected to the 

fjoard of Directors in 1952 
Designed right...built right...that's shell—details which help assure effi- 
why Downingtown heat transfer equip- cient performance. 

Blaine McKee, formerly an account ment works extra well in the process Fabricated from various grades of 
executive with M. K. Mellott Co., Pitts line. Carbon Steel, Stainless Steel, Stain- 
burgh, public relations consultants, was Designed by experienced engineers less and Nickel Alloy Clad Steel, Nick- 
---expert at solving specific heat el, Nickel Alloy, Aluminum, Copper Al- 
/ . . —_ exchanger problems. loy, Ampco 8, Karbate, Haveg or other 
charge of the Chicago office of Ameri Built by jiiiaene skilled at holding ae Built to ASME ae where 
_— Metal Market, daily metals news extra-tight tolerances on tube fit in necessary. 
paper. For eight years a fellow at tube hole...tube fit in baffle hole... Send for additional information on 
Mellon Institute of Industrial Research, alignment of baffles. ..and bundle fit in heat exchanger design. 
he served for two years as associate edi- 


tor of the Mellon Institute News. Earl- Downingtown iron Works, Inc. 


ier experience included technical assign od HEAT EXCHANGERS —TO WERS — PRESSURE VESSELS 
STORAGE TANKS —STEEL AND ALLOY PLATE FABRICATION 


recently appointed associate editor in 


ments with Pittsburgh Plate Glass Co. ; 


rimken Roller Be aring Co. ; and Jone ’ Downingtown, Pennsylvania 
& Laughlin Steel Corp New York Office: 52 Vanderbilt Avenve, New York 17, N. Y, 


DIVISION OF. Pressed Steel Tank Company 
Thomas J. Wurth has recently join- Manutacturer of Hackney Products 

ed the research and development de Milwavkee 14, Wisconsin 

partment, explosives division, Olin In CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
dustries, Inc., East Alton, Ill. A grad 

uate of Washington University with a 

B.S degree, Wurth was a _ chemical 

engineer with the Mathieson Chemical 

Corp. for a year before joining Olin 


T. Ed Griffith, formerly senior en 
gineer, gas utilization department at 
Houston is now 

supervisor of the 

gas and gasoline 

plant operations 

in the central di 

vision of Tide 

Water Associated 
Oil Co., Tulsa, | 

Okla. After re 

ceiving his B.S 

degree in chem- 

ical engineering 

from Oklahoma A.&M. in 1942, he 
served in the U. S. Army until 1946 
He then returned to Oklahoma A.&M 
to teach chemical engineering in the 
spring and summer of 1946. He joined 
Tide Water Associated in 1948 after 
obtaining his M.S. degree in chemical 
engineering at the University of Michi- 
gan. While in Houston, Mr. Griffith 


was a part-time instructor of gas en Write for AL OVAAR CATALOG fo 


gineering in the Petroleum Engineering 
Department of the University of Hous- . 7 ~ A Y F N F | N F F “ N F iF ) 
ton where he held the position of as- 


sistant professor. 132 CENTRAL STREET + SOMERVILLE 45, MASS. 
(More About People on page 80) | 
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News of the Field 


FROM LOCAL SECTIONS 


NEW YORK ANNUAL SYMPOSIUM 


Costs and new developments will be 
the subjects of the annual symposium of 
the New York Section of the A.I.Ch.E. 
to be held in the Hotel Statler, New 
York City, Oct. 13, 1954. 

Stressing the practical, Roger Wil 
Williams Technical and 
Inc. ) chairman 
of the estimation session, A. H. 
Tenney (Carbide and Carbon) as 
chairman of the new developments in 
the and 


L. J Wheeler), 


liams (Roger 


Economic Service, as 


cost 


industries 
( Foster 


chemical session, 


Coulthurst 


COST ESTIMATION 
A.M. 

ESTIMATING MAINTENANCE COSTS FOR 
PLANTS, Roy Ganz, Diamond Alkali Co. 
DEPRECIATION AND AMORTIZATION, C. R 
Schwartz, Du Pont Co 

COMPARISON OF CHEMICAL AND PETROLEUM 
ACCOUNTING IN ANALYSIS OF NEW PLANT 
ECONOMICS, Robert Wiegand, Sinclair Chemi 


cals, 


NEW 


Inc. 

P.M 
COSTS OF LOW TEMPERATURE PROCESSING, 
Edward Donley, Air Products, Inc 
COSTS OF PRESSURE EQUIPMENT, Va! Weiler, 
A. O. Smith Manufacturing Co 
COSTS OF CHEMICAL PLANT AUXILIARIES, Car! 


Bauman, Chemical Construction Co. 


chairman of the new developments 
the petroleum industries session, have 
obtained speakers having major experi- 
ence in their respective fields in indus 
try. 

It is expected that 500 
chemical will 
gather for Last 
year’s symposium, which concentrated 


than 
students 


more 
engineers and 
this year’s meeting. 


on management, new materials of con- 
struction, and solids handling, 
attended all 


last. 


was well 


by guests from over the 


NEW DEVELOPMENTS IN THE CHEMICAL AND 
PETROLEUM INDUSTRIES 

A.M 
TEXTILE FIBERS, C. A. Setterstrom, Carbide and 
Carbon Chemicals Co 
ANTIBIOTICS, Jasper Kane, Charles Pfizer 
SURFACTANTS AND DETERGENTS, |. H. Vaughn, 
Colgate Palmolive Peet 

P.M 
HOUDRY DEHYDROGENATION PROCESS, G. F 
Hornaday, Houdry Process Corp 
CATALYTIC DESULFURIZATION OF PETROLEUM 
DISTILLATES, L. W. Zahnstecher, Foster Wheeler 
Corp. 
FLUID COKING, 


velopment Co 


Frank Barr, Standard Oil De 


A. I REGNIER 





the 
were 


At the final 
season the 
They are: 


meeting ol 
otheers 


Rochester. 
1953-54 
presented. 


new 


Chairman ee F. Kaiser 
Vice-Chairman ..eJ. Y. Oldshue 
. R. Kraybill 
Treasurer. . H. Eilinger 
Board of Directors, G. Broughton, A 

Ackoff, and retiring chairman I. Siller 


Secretary 


These men will serve for the 1954-55 
season 

The evening’s entertainment was pro 
vided by George Bailey, a variety en 
tertainer, who specializes in demonstra 
He also 


and 


tions of his fabulous memory 


presented some feats of magic 
played musical glasse : 

H INGER 
New Jersey. |:. K. Rowley, president, 
Titanium Metals Corporation of Amer 
ica, a jointly owned subsidiary of the 
National Lead Co, and Allegheny Lud- 
lum Steel Corp., will address this Sec 
tion Sept. 14, 1954, at the Clinton 
Avenue School, Plainfield, N. J. His 
topic will be “Titanium—lIts Past, Pres 


ent and Future.” 


on 
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E. R. ROWLEY 


1933 Mr 
chanical engineering department of the 
National Lead Co i] 


im ia 
he was transferred to its production de 


In Rowley joined the me 


in Chicago 


partment in New York, where he served 
as assistant to the production manager 
appointment in 1942 
manager of the Magnesium 
Co., Luckey, Ohio 
to Chicago in 1945 as production mai 
of National 
He became production manager 
in New York 
sident and 
National 
oft the 
Feed 


until his as plant 
Reduction 


From there he went 


ager Lead Co.'s Chicago 
plar ts 
of National Lead Co 


subsequently 


ind 
vice-pre 

the 
operator 


gen 
Lead 
Atomic 
Materials 


eral 
Co 


manager! ot 
of Ohio, 
Energy Commission's 


August, 1954 
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Ohio 


director 


Fern ald 


and a 


’roduction Cent at 
president 
Metals 
America in September 
Othcers for the New 
1954-55 are 


He became 
of Titanium Corporation of 
1953 


lersey Section 


tor the year 


Chairman Ni Morash, National 
] ead Lo 

Chairman-F-lect—D. W 
Chermit Corp 

Recording Secretary—D. D 
Standard Oil Development Ci 

Corresponding Secretary—Georg J. Mars 
lowe, American Cyanamid Co 

/ reasurer Joseph Joffe, Newark 
of Engineering 
recutive © omouttee | I Jennings It 
Past Section Chairman, Hercules Powder 
Co.; Wm. E. Catterall, Standard Oil De 
velopment Ce lr. S. Leary, Americas 
Cyanamid Co.: Wm. C. Streib, Johns 
Manville Corp 


rman 


Oakley, Metal & 


Ma I aren, 


{ olle ge 


Committee chairmen for the New 


Jersey Section are: 


l’y jram { RK Vander! inde Johns 
Manville Corp 
Veeting Place—R. W 
line & Film Corp 
Hospitality—John Axelson, Johns- Manville 
Corp 
Publicity 
der Co 
Speakers 
Co., Im 
Symposium Charles I 
Squibb & Sons 
Student Guidance 
mann Lakoche, Im 
Membership—Lewis C. Marino, Benzol 
Products Ce Roget Walwark V ice 
Chairman, National Lead Co 
Lecture Series—C, M. Vanderwaart 
| ican Cyanamid Co 
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Corp 


Davis, General Am 


Robert Bechtel, Hercules Pow 


Donald M Calkins Merch & 


Kroll | R 
Hoff 


Ralph Cohen, 


Amer 


Chem 
hermit 


Harbin, Kolker 
Metal and 
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Becurel 


MINERS SCARCE IN 
ENGINEERING CENSUS 


The downward trend in the number 


of mining and metallurgical engineers 


has not been checked by the gradual in 
total en 
rollment, according to the Engineering 
and Scientific Manpower Newsletter. Of 
the engineering students in the class of 
1953, 3.8% 


lurey 


crease in gineering student en 


were in mining and metal 
1954, 1955 
and 1956 the percentages have dropped 
In fact, 


protess 


and in the classes of 
to 3.1. 2.3, and 1.6 re pectively 
c 519.000 


only 50 of the ional 
the 1950 census 


engineers reported in 
vere in mining or metallurgical work 
FORMER BRITISH 
INSTITUTE HEAD DIES 
Hugh (Griffith 
Chen 


The death of 
dent of the 
yineers 
recently 
ot Britis! 
much of h 


continuous rystallizatior 
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or lever control 
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Nuclear Engineering—Part I! 


Twenty-nine papers from the Ann Arbor meeting covering 
reactor technology, production materials, engineering 
research, fuels, reactor statistics. (Symposium Series, 259 
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of Heat Transfer—Research Studies for 1954 
of Nuclear Engineering —Part i 

of Nuclear Engineering—Part II. 

of Reaction Kinetics. 


[_] Check enclosed (add 3% sales tax for 


of 
of 
of 
of 
of 
of 
of 
of 


copies 
copies 
copies 
copies 
copies 
copies 
copies 
copies 
copies 
copies 
copies 
copies 


O 
I- 


] 
C) 
C 
C) 
C) 
C 
C) 
C) 
C) 
C) 


C 
[) Bill me 


C) Student 


1953 
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LUKE DIRECTS A.E.C. OF- 
FICE OF CLASSIFICATION 


The new incoming director of the 
Office of Classification, Atomic Energy 
Commission, is Charles D. Luke, who 
served as consultant to A.E.C. from 
1950-52 on source and fissionable mater 
ials accountability surveys, and has been 
professor and chairman of the depart 
ment of chemical engineering at Syra 
cuse University since 1940. In his new 
post he succeeds James G. Beckerley 
who is resigning as of Aug. 31. 

Following a period of about a year 
with the New York Ordnance Works 
as technical officer on design, construc 
tion, and initial operation of ammonium 
picrate plant, Dr. Luke took over the 
job of technical officer on fluorine and 
hydrocarbon research, uranium chemis 
try, and pilot plant development with the 
Manhattan Engineer District. Later he 
was operations officer for the gaseous 
diffusion plant at Oak Ridge, Tenn 

Back in 1932 with degrees from lowa 
State University and Massachusetts In 
stitute of Technology, Dr. Luke became 
M.1.T. and his 
subsequent experience covered a period 
with the Standard Oil Company 
Louisiana, Baton Rouge, 


a research assistant at 
ol 
as process en 
gineer, de Florez Engineering Co., New 
York, as consultant for various oil com 
panies in refinery surveys, cost analyses, 
and then in 1937 Syracuse University 
successively as assistant, associate, then 
professor of chemical engineering and 
department head 


Leonard Limon is now manager oi 
the industrial feed department, 
Graver Water Conditioning Co., New 
York. He joined the company in 1949 
to take charge of the estimating depart 
ment. More recently he has been sales 


boiler 


engineering manager 


Alfred B. Babcock, Jr., 


chief project engineer with the chemical 


became 


| division of the Borden Co., New York, 


effective July 1. He was formerly asso- 


| ciated with the New York Operations 


[] Nonmember | 


Chemical Engineering Progress 


Office of the Atomic Energy Commis 


sion. 


August, 1954 





Bjorksten Research Laboratories, 
Inc., recently announced the appoint 
ment of George D. Creelman as 
technical service director, with offices in 
Cleveland, Ohio, 
pacity between the 
Madison, Wis., and clients 
research programs with the 
tion. Mr. Creelman was formerly re- 
search coordinator for the M. A. Hanna 
Co. in Cleveland. 


technical 
sponsoring 


Mott Souders, Jr., 


Development Co., Emeryville, 


scientist, 
Calif., 


was recently granted an honorary doctor | 
mater, 


alma 
Among Dr 

since 
Calif., 


sixty 


of science degree by his 
Montana State College. 
Souders’ achievements 
joining Shell in Wilmington, 


some 


scientific 


seventeen years 
technical papers and twenty patents. In 
1949 he received the professional pro 
gress award of the A.I.Ch.E., 
1953 he was given a citation for out- 
standing accomplishments at the centen 
nial of engineering at the University of 
Michigan. Beginning his Shell career 
as an engineer at Wilmington, Dr 
Souders transferred to the San Fran- 
was ap 
pointed an associate director of the com- 
division in 1950, 
Research 


ago are 


cisco engineering office in 1940, 


pany’s development 
and moved to the Emeryville 
Center with his division two 
later. 

David S. Weddell 


was recently 


named European technical representa- | 


tive for Monsanto Chemical Co., St. 
Louis, Mo. Dr. Weddell, who has been 
assistant director of the development 
department, will take over his European 
duties later this joined the 
company in 1941 after receiving a Sc.D. 
degree in chemical engineering from | 
Massachusetts Institute of Technology. | 
He had been graduated from Pennsy| 
vania State College in 1938 with a B.S 
in the field. In addition to 
working for the general development 
has served the central | 
the phosphate di 
vision research department, and the de 
velopment department, Western division 


year. He 


degree same 
department, he 
research department 


Angelo V. Graci, Jr., one of the inventors of the 
filtration-extraction method of solvent extraction, 
formerly with the Southern Regional Research 
Laboratory, is now associated as a project engi- | 
neer with Wurster & Sanger, Inc., Chicago, Ill. | 


(More about People on page 83) 
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7,500, 15,000 or 


PUMPS @ mode possible by the 
IN ONE cylinder assemblies in the 
t e fy a3 


30,000 psi working pressure 
interchange of piston and 
same pump frame 


Ck f°) ey . Me 


sergcated © 
5. root resi soes 0 
Check volves re 
Jf UpEyPUEBIUE LHAMON 
X 


AMERICAN INSTRUMENT ny ine. 


Maryland « In Metropolitan Wash 


arve ? ‘ 


When Your Process Demands FILTERING 


MIXING 
STORING 


Regardless of the size or type of your installa 
tion, whatever your process may be, there's an 
Alsop Filter, Mixer and Storage and Mixing 
Tank to “Fit Your Job,” you can be sure of 
getting from Alsop the right unit properly ap- 
plied—you can depend on Alsop proved per- 
formance features. 


You'll be impressed too with thes 
Alsop proved performance features 


prea. 


ALSOP ENGINEERING CORPORATION 
908 Gold Street, Milldale, Connecticut 


Alsop Filters, Mixers and Tanks are available 
in a complete range of sizes and capacities and 
Alsop equipment is custom fitted to your par- 
ticular application by engineers who have 
thorough experience in filtration and agitation. 


Look for the proved features and the benefits 
that Alsop Filters, Mixers and Tanks can bring 
to your processing operations. Write for full 
information, recommendations and quotations. 
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SALES ENGINEER Must have technical 
L A S S | b | E D b ® T ability, degree in chemical engineering, and 
knowledge of filtration based, to a large 


extent, on actual experience in the chemical 
processing field. Desire a man between 30 
Address Replies to Box Number Care of CHEMICAL ENGINEERING PROGRESS and 40, who is sincerely interested in per- 
manent career in sales engineering. Attrac 
tive base salary plus commission. Location 
—New England States. Please send com 


SITUATIONS OPEN plete résumé to Box 2-8 


PROCESS ENGINEERS—Permanent positions 
available requiring a Ch.E degree an 
EM three or more years’ experience in process 
CH ICAL ENGINEER JUNIOR design and development of oil refinery or 
j chemical plant units. These are excellent 
Major petroleum company has CHEMICAL ENGINEER opportunities to join an organization known 
throughout the world for accomplishments 


attractive process design po- (0-3 years’ experience) in these fields; located on the East Coast 


iti j " j j Traveling and moving expenses paid 
sition available Experience we Wanted for process and equipment evalu Please submit complete résumé and state 
initial salary desired. Box No. 423, Room 


unit operations desirable. ation and development; trouble shooting en ihe Wean at Steen, Maw Yous 30 


Chicago suburb. Replies confi- We are an expanding division of a N. Y. 


dential. Box 1-8. medium-sized company, engaged in pilot- CHEMICAL ENGINEER—Born and reared in 
scale production of Solid Propeliants. South, 25-27 years old, married. One to 
; : three years’ experience in large company 
Location: Middle Atlantic and tired of being lost in the bigness. Must 
have love of all phases of engineering and 
Send reply stating full background and willingness to work long and hard for 
desired salary to Box 23-8. good opportunity with small, growing, 
SENIOR sound chemical manufacturing company 
located in small town in Georgia. Produc- 
CHEMICAL ENGINEER tion, engineering, development and super 

visory responsibilities. Send résumé and 
salary required. Box 4-8 























Broad experience in de- 
CHEMICAL ENGINEER—fFor expanding re ENGINEERS AND CHEMISTS—With oil re- 
Work fining experience for positions in sales and 


sign and operation of 
technical service to the petroleum in 


intermediate-scale fine includes testing and design of fluid a dustry Familiarity with fluid catalytic 
equipment. B.S. or M.S., two to six years male j bl Sal j lent 
cracking desirable. Salary dependent upon 
organic chemical manu- experience desirable. Should be {f«miliar qualifications. Please reply to Box 22-8 
z ; with fluid mechanics and mass transfer cal stating age, experience, and salary require 
f acturin g facilities. culations. Mechanical experience desirable ments 
P Salary commensurate with qualifications 
Southwestern location Location—western New York State. Box 
in medium-sized com- Stell = 
3 CHEMICAL ENGINEERS 
munity. CHEMICAL OR REFINERY ENGINEERS—For 
permanent staff positions with integrated Immediate vacancies for chemical engi 
oil company which manufactures all im neers to do process design and develop 
portant petroleum products. Duties in ment work at the pilot plant level in 
volve advisory work on operations, prepa Minneapolis 22-30 years old s 


degree in chemical engineering Ex 
ration f operatin >rograms processes 
— oe & prog F perience in industrial chemical re 


Phillips Petroleum Company and economic evaluations. Knowledge of search, chemical pilot plant or chemical 
gasoline and lube manufacture desirable production preferred. Include complete 
Bartlesville, Oklahoma Excellent future for engineers with one résumé of training and experience in 
or more years experience Salaries com letter 

mensurate with ability and experience PERSONNEL MANAGER 

List training, experience and personal data 
in first letter. Replies confidential. Write 
Box 6-8, Chemical Engineering Progress GENERAL MILLS, INC. 


ONE CHEMICAL ENGINEER for proc 2010 East Hennepin Avenue 
ess engineering work. Should have three Minneapolis 13. Minaeecta 
to five years practical experience in ee , , 
organic chemicale and organic chlori 
nations and should be capable of both WANTED BY WEST COAST 
field and desk studies for process, CHEMICAL COMPANY 

efficiency, and equipment § improve Senior Process Engineer 


ments 

B.S. or M.S. in ghentens engincceine, 
: : . plus six to twelve years’ diversifiec 

eS SSNEER fee pose chemical industry experience required SITUATIONS WANTED 
chemical engineering degree; however, in BP gen ovgiuanion, a ' a 
e e « < mating, process pliant desig ana pian 
previous experience is not required operation. We are looking for a man A.1.Ch.E. Members 
Write fully giving technical back- who combines initiative, imagination, 
ground, experience, personal history and drive with speed, thoroughness, 
and initial salary expectation All ap- and accuracy in handling a variety of CHEMICAL ENGINEER—BS. 1941. Thirteen 
plications will be held in strictest con- assignments Compatibility and the years’ experience in economic evaluation, 
ability to work well with people also process design, and operation of petro- 
essential. Salary is open, opportunity chemical and nitrogenous fertilizer plants. 
Excellent opportunities for men with excellent, and location (25 miles from Desire position in small organization with 


initiative and ability. Liberal company Los Angeles) one of the best in . 

benefits Southern California. Please send a com eee = 62 Present salary $10,000 

plete résumé and recent photo to Fe creer : 

DIAMOND ALKALI COMPANY Development Department CHEMICAL ENGINEER—Age 29, M.S.Ch.E 

; BREA CHEMICALS, INC. 1) years’ technical service to production 

P. O. Box 686, Pasadena, Texas P.O. B in large food company. Six years’ pharma 

. ox 126 

: ceutical pilot plant and production. Super 

Attention: Fred E. Gray, Personnel visory experience. Desire position in pro 
Manager Your inquiry will be held in strictest duction, technical service, or sales. Box 7-8. 


confidence. omen ned a 
NUCLEAR-CHEMICAL EXECUTIVE Seek 
managerial or liaison connection with com 
ay interested in atomic energy possi- 
DIRECTIONS FOR USE OF CLASSIFIED SECTION vilities. Broad and diversified background 
all phases of atomic energy Experience 
. in research, development, engineering and 
Advertisements in the Classified Section of Chemical Engineering Progress are payable in sales in instrumentation, textiles, plastics 
advance at I5c a word, with a minimum of four lines accepted. Box number counts as two metallurgy, nuclear industrial ‘partic ipa- 
words. Advertisements average about six words a line. Members of the American Institute tion. M.S. in chemical engineering. Box 
of Chemical Engineers in good standing are allowed one six-line Situation Wanted insertion 8.8 
(about 36 words) free of charge a year. Members may enter more than one insertion at half - —— 2 1. 
rates. Prospective employers and employees in using the Classified Section of Chemical CHEMICAL ENGINEER —B.S.Ch.E. Registered 
Engineering Progress agree that all communications will be acknowledged; the service is made chemical and civil engineer. Family. Seven 
available on that condition. Boxed advertisements are available at $15 a column inch. Size years of excellent industrial experience with 
of type may be specified by advertiser. Answers to advertisements should be addressed to responsible positions in engineering and 
the box number, Classified Section, Chemical Engineering Progress, 25 West 45th Street, production trouble shooting Desire po 
New York 36, N. Y. Telephone COlumbus 5-7330. Advertisements for this section should be sition with chemical or consulting firm on 
in the editorial offices the 15th of the month preceding publication West Coast. Box 9-8 


search and development laboratory. 





EMPLOYEE RELATIONS MANAGER 


Research and Development Department 





Research Laboratories 

















fidence 


Brea, California 
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CHEMICAL ENGINEER-—-B.Ch.E Age 29%, 
married. Graduate work in organic chem 
istry. Four years’ experience in polymeriza 
tion, synthetic resins, and foam rubber 
development. Desire position with growth 
potential. Publications and excellent refer 
ences No geographical limitations. Box 
10-6 


CHEMICAL ENGINEER—Age 26, family 
B.S.Ch.E. Graduate work in mathematics, 
statistics, and chemical engineering. Draft 
exempt. Five years’ experience in research 
and development and technical sales. Desire 
responsible position in research and de 
velopment field. Will relocate. Box 11-8 

DESIGN-DEVELOPMENT GROUP LEADER 

M.Ch.E Ten years’ experience. Seeking 
responsibility and opportunity for hard 
productive work with pilot plant or design 
group Position should call for personal 
initiative, technical skill independent 
thinking, administrative responsibility. Box 
12-8 


CHEMICAL ENGINEER--B.Ch.E Age 34, 
married, family Five years’ development 
and process engineering in food industry 
Four years as sales manager in instrument 
industry Desire responsible position, ad 
ministrative engineering capacity. Location 

northern New Jersey Available with 
notice. Box 13-8 

CHEMICAL ENGINEER--B.Ch.E. 1952. Two 

years experience in process design 

M.Ch.E. partially completed at night. Good 

scholastic record Age 23, married, draft 

exempt Desire responsible position in 

design or development. Box 14-8 


CHEMICAL ENGINEER—-B.ChE. 1951. Mar 
ried, veteran 1% years process piping 
design. Presently employed in production 
section of pyrotechni and armament 
plant Desire challenging position with a 
future in metropolitan New York. Box 15-8 


ENGINEER—B.Ch.E. 1951 Age 

married Graduate work to 
ward M.Ch.E Three years’ experience in 
cludes pilot plant design and operation, 
process engineering design, economic eval 
uations. A.E.C. clearance. Desire position 
in metropolitan New York area. Box 16-6 


CHEMICAL 


26 veteran 


WESTERN GERMANY with 
desired by chemical 
years’ experience in 

synthetic fuel and pe 
troleum refinery units American citizen 

Age 30. Speak German. Master's degree 

Available September. Box 17-6 


POSITION IN 
American company 
engineer with five 
process design of 


CHEMICAL ENGINEER..fifteen years’ expe 
rience as general engineer, technical editor, 
and development engineer Want position 
in process design or plant engineering 
Considerable experience in liquia oxygen 
plant design and operation. Now located 
in New Jersey. Box 18-6 


CHEMICAL ENGINEER—Desire transfer to 
engineering or produc tion job in New 
England. 53.B. 1939. Varied experience in 
process design, plant operation, and gen 
eral engineering Available for interview 
in N.Y. or elsewhere by appointment 
Box 19-8. 

CHEMICAL ENGINEER-—-M.Ch.E Age 31, 
family Six years’ experience in plant 
start-ups, trouble shooting, and process 
engineering Seeking responsible position 
in production or allied fields. Available with 
reasonable notice Present annual salary 


$7,000. Box 24-8 


Nonmembers 


TECHNICAL REPRESENTATIVE seeking ad 
ditional lines. Covering Texas and Louisiana 
Gulf Coast chemicel plants, petroleum re 
fineries, gasoline plants, paper mills, and 
plant constructors. Calling on purchasing, 
engineering, maintenance, and inspection 
departments Presently selling custom 
fabricated steel processing equipment. Wish 
to represent additional manufacturers of 
allied lines such as pumps, valves, filters 
carbon products, ceramics, feeders, flexible 
joints, grinding mills, strainers, tower pack 
ing, extractors, finned-tube air coolers, etc 
Write Box 20-6, Chemical ngineering 
Progress 


CANADIAN CHEMICAL ENGINEER M.Sc 
Age 30, married. Three years’ experience 
Desire position northern or northeastern 
J. S. A. offering good future. Box 21-8 
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(Continued from page 81) 


R. Marvin Garrett recently resigned 
as sales manager for Silver Plastic Co 
to assume the duties of general man 

Chem-Nickel Co., 
Prior to his work as sales man 
Silver Plastic 


Taylor In 


ager ot South Gate, 
Calif 

ager and partner with 
Co., he was associated with 
strument Co. and Rohm & 
His graduate work in business admin 


University 


Haas Co 
istration was done at the 
of Chicago, Ohio State University, and 


University of Califorma 


Ralph A. Morgen, formerly program 
for engineering of the National 
Washington 


director 
Science Foundation in 
D Gos has recently become director ol 
research, Purdue Research Foundation 
\ graduate of the University of Cali 
fornia, he received his B.S. degree in 
1923 and his doctorate two years later 
His experience has included two years 
with Western Electric Co 


tour 


Chicago, as 


research engineer ; years as direc 
tor of research and development for the 
division of Black, 
Mfg. Co., Kansas 


consulting 


cleaners equipment 


Sivalls and Bryson 


City, Mo.; six vears as a 


enyvinee! andl 


chemical fourteen year 
as professor of chemical engineering at 
the University of Florida, the last five 
years of that time spent as director of 
the Engineering and Industrial Experi 
ment Station. He resigned that position 
in 1952 to accept the position of pro 
gram director of engineering of the 


National Science Foundation 


Eugene M. McEachin, formerly of 
Du Pont's Sabine River Works, Orange, 
Tex., has been promoted to superin 
tendent of the general products group, 
technical section, at the company ’s Belle 
Works. Shortly after graduation in 
1948 from the Alabama Polytechnical 
Institute, he joined Du Pont as a mem 
ber of the Sabine plant's technical sec 
tion, subsequently erving there as an 
instructor in a training school for 
operators, and as an engineer and group 
leader in the nylon group of the technical 
section. He became assistant 


tendent of Sabine 


superin 
s nylon plant develop 
ment group in January, 1953, and held 


this post until his transfer to Belle 


Frank E. deVry is now assistant 
Missouri Ammonia Works, 
Powder Co., Louisiana, Mo 
He has been acid depariment supervisor 
April, 1951, at the 
plant of Hercules 
in June, 1942, at the government-owned 
Radford Ordnance Works, Radford, 
Va., he left there after World War II 
to serve as an engineer at Hercules’ 


Naval Stores plant, Hattiesburg, Miss 


manager, 
Hercules 


since California 


Joining the company 


(Continued on page 84) 
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Problem 


To produce more ammonia with- 
out excessive expansion of exist- 
ing facilities. 


GIRDLER helped solve this prob- 
lem by developing two highly 
active catalysts, G-19 and G-3 
Without sacrificing quality or en 
larging the gas plant, the use of 
these two GIRDLER Catalysts on syn- 
thesis gas production resulted in 


[Score output 


Girdler specializes in solving 
catalyst problems. Its knowhow is 
at your service. 


FOR 


WRITE... 


“the 
GIRDLER 
Company. 


4 O1VIGION OF 
MATION AL CYLINOER Gee COmMPanY 


Ges Processes Division 
LOUISVILLE 1, KENTUCKY 


NEW YORK * TULSA * BAN FRANCIECO 
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= ete 


resigned as editorial director of the 
Petroleum Refiner to return to the Uni- 
versity of Texas 
as professor of 
chemical engi- 
neering. Dr. Mc 
Ketta had been a 
member of the 
chemical engi 
neering staff at 
the university 
from 1946 until 


1952 when he re 


John J. McKetta, Jr., has recently 


signed to go with 
Petroleum Refiner. He will return as 
graduate professor and will re-establish 


SEND FOR PSC his research program in phase equilibria 


in hydrocarbon systems. In 1952 he 
best paper published by a member of 
; “ : A South Texas Section A.L.ChE 
Largest Compilation of Engineering Data. 
Lists 200 Styles Furnished Without Die Cost. Ciiford F. Ressweiler, vice-chair 
man of the board of directors and vice 
president for research and development 


of Johns Manville Corp., New York, is 


This standard reference contains complete ed in Bulletin 21 are furnished promptly, 
specification information for over 200 without die cost, and in any alloy to meet 
standard styles of bubble caps and risers. your coking or corrosion problems. Special the newly elected 
Also drawings for use in determining caps gladly designed; of the American 
methods of tray assembly. All styles list- write as to your needs. Chemical Industry, for the year 1954 
55. Dr. Rassweiler went to Johns 

THE PRESSED STEEL CO., 708 WN. Penna. Ave., Wilkes-Barre, Pa. Manville in 1941 as director of research 
and development after seventeen years 

CMEC eC,  aseme 6} with the Dul’ont Research organiza 
tion. From the University of Illinois 

where he received his Ph.D. in 1924, 

FOR he went to the Experimental Station of 

MORE EXACTING the DuPont Co., in Wilmington, Del 


and later to Philadelphia to help or 


LABORATORY ganize the new central technical lab 
REQUIREMENTS oratory of the DuPont Paint and 


VITREOSIL® (Vitreous Varnish Division, designed to apply 
a scientific research methods to the paint 
Silica) laboratory were industry The University of Denver 
surpasses in effectiveness conferred the honorarv degree of Dox 
beth porcelain and glass tor of Science upon Dr. Rassweiler for 
and in many cases is also hi 
an adequate, economical 


replacement for platinum. 

Superior to other cera- 
mics because of its excep- N ecro lo gy 
tional chemical purity and 
unusual resistance to heat 
shock, VITREOSIL today is 
an important, universally 
accepted material for 
numerous analytical ap- 
plications. 


honorary chairman 
Section, Society of 





work in industrial research 


Chemical Engineering Progress re 
cently heard of the death of Edward 
Strunk and Francis E. Murphy. 

Mr. Strunk was chief process and de 
sign engineer with the Phillips Pe 
troleum Co., Sweeny, Tex. He gradu- 
ated from Oklahoma University with a 
B.S. in chemical engineering. He was 
associated with Phillips since 1940. 

a Francis E. Murphy w: luc 

THE THERMAL hirreosu.” rancis E. Murphy was pro uction 
py, supervisor of the Pennsylvania Salt Mfg 

<tiS ’ 


SYNDICATE LTD a Co. His professional career covered an 
. Bulletin No. 18 with association of eight years with the Gen 
14 BIXLEY HEATH LYNBROOK, N. Y. specifications and eral Chemical Co., and with the Penn 
4 prices, sent upon sylvania Salt for ten years. He was a 


request. graduate of St. Joseph’s College with 








a B.S. in chemistry. 
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sion 
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This illustration shows two 4-stage 
Evactors in the plant of a leading manu- 
facturer of vitamins and other pharma- 
ceuticals. The same plant uses numer- 
ous other C-R Evactors of different 
types—as do the majority of manufac- 
turers in this important field—for many 
different processes, including deodoriz- 


This steady, dependable vacuum is 
contributing to the improved health of 
our population by helping to supply 
purer and more potent vitamins, anti- 
biotics and other pharmaceutical prod- 
ucts. C-R also supplies Jet Mixers, Jet 
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ing, distilling, drying, refrigeration, etc. 
They are as simple as the valves that 
turn them on, yet maintain absolute 
pressures down to a small fraction of 


Heaters, Jet Absorbers, Jet Scrubbers, 
Jet Pumps, Jet Condensers and Baro- 
metric Condensers. 


Cryll-Reynolds CW 


Main Office: 751 Central Avenue, Westfield, N. J 


New York Office: 17 


asta cnnivactors §« 
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STEAM JET EvacTORS §« 


John St., New York 38, N. Y 
CONDENSING EQUIPMENT 





Ae1I.Ch ole (Nowe And Votes 


Equipment Testing Procedures Committee 
had its progress reviewed recently before 
Council by W. T. Dixon, its liaison mem- 
ber. 


Agitator Test Subcommittee has a prelim- 
inary draft .. . distillation code has 
been redrafted . . . code on dryers is in 
its final stages . .. a second code for 
heat exchangers is being redrafted... 
& the formation cf a new subcommittee 

on Instruments & Measurements is being 
considered. 


Other revisions & codes in various stages 
of preparation concern absorbers, evap- 
orators, & pumps. 


Committee is well staffed with members 
from equipment manufacturing concerns 

& other divisions of the industry... 
code on heat exchangers already published 
is available from the Secretary's office. 














This committee was started in 1948 to 
formulate and promulgate recommended 
Standard procedures for testing perform- 
ance characteristics of chemical engi- 
neering equipment. 


W. R. Marshall, Jr., of the University 
of Wisconsin is chairman this year. 








An important new Institute procedure was 
approved by Council at Ann Arbor when it 
legislated permission for editors of the 
A.I.Ch.E. magazines to appoint Advisory 
Boards to magazines . .. step will 
enable editors to select advisers in 
position to give a maximum of advice & 
cooperation, 





Institute is in new headquarters ... & 
move brings relief from badly overcrowded 
offices. 


We urge all members when in New York City 
to stop in to pay us a visit... new 
address is 25 West 45 Street... new 
telephone number is COlumbus 5-7550. 








Before move was made headquarters occu- 
pied an average of 87 sq. ft. a person 
including reception, storage, etc. New 
space will increase to 132 sq. ft. an 
employee, which is about average for 
offices. 


Housing is still a major problem for all 
five engineering societies ... newest 
development is the creation of a task 
force working under the sponsorship of 
United Engineering Trustees but ulti- 
mately to report to & cooperate with the 
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committee of the presidents of the engi- 
neering societies. A task-force project 
is to study all the interlocking problems 
involved in new space... or a move to 
a new city. 


New study will go into such details as 
cost of moving staff & families to va- 
rious cities ... cost of rehabilitating 
present engineering headquarters .. .- 
cost of construction in various cities 

« « « Supply of manpower for engineering 
staffs .. . evaluation of functions 
which cannot be carried on outside of 

New York . « « @tCe « @ « 


Cities under study are Chicago, Phila- 
delphia, Pittsburgh, & New York... 
task force is under direction of Carey 
of the Civil Engineers, Hibshman of the 
Electricals as vice-chairman, us as 
Institute representative, Apol of the 
Miners, and Zecca of the Civils, who is 
also secretary of the committee. 


New Directory of the A.I.Ch.E., held up 
to await outcome of balloting on the 
constitutional amendments, will be out in 
August .. »« most members have already 
sent in requests (with dues last year) 
for their copies . .. others may do so 
at any time. 


A revision of standard symbols & nomen- 
clature in chemical engineering is about 
ready. An Institute committee under the 
chairmanship of Mott Souders of Shell 
Development Co. has been working for a 
number of years on revision of 1946 stan- 
dard. 


Chemical field still prefers to use pe- 
riods after abbreviations, a practice at 
variance with A.S.A. standard... how- 
ever A.S.A. has agreed to call attention 
to it in its own standard on abbreviations. 














Souders' committee is another example of 
the careful, patient work done by 
A.I.Ch.E. committees. 


Original standard issued in 1946 had not 
been out very long when work was under 
way on revision... & so it will be 
with this. 


A.I.Ch.E. members will soon be quizzed 
by the Program Committee on advisability 
of holding a Bermuda meeting ... ex- 
ploratory work is now being headed by 
Gene Smoley, & one of the first plans is 
to tap the opinion of the members on 
whether they will support such a meeting 
in 1956. 











F.J.V.A. 


August, 1954 





Whether your particular chemical process problem 
is of broad or limited scope, it will be worthwhile 


to review it in terms of one or more of these Vulcan 


In problems of chemical processing — 


VULCAN 
ENGINEERING 


services: 


Economic and technical 
surveys 


Preliminary process 
ael lel itelals 


Process and plant 
design 


Equipment design 
and procurement 


Construction and 


Process development 
erection 


MATCHES SERVICE 
TO NEED..., 


Initial operation 
services 


Pilot plant studies 





.. or the full integration of all these services in the 
design and building of complete process units or 
plants. 


... THE IMPLICATIONS FOR YOUR ORGANIZATION 


It's good business to discuss your process needs with the 
Vulcan Engineering Division. For when you do, the advan- 
tages of 53 years’ organization service to the process 
industries become yours: 


Years of specialized study and practical experience with 
varied process requirements and engineering problems 
. .. Extensive process knowledge, including many Vulcan- 
developed processes .. . Comprehensive development and 
pilot plant data . . . Up-to-date knowledge of new equip- 
ment, instrumentation and methods . . . A staff with the 
technical know-how and interest to handle your job so as 


THE VALUE OF 
VULCAN SERVICE to minimize plant investment without sacrifice of perform- 
ance or product quality . . . And finally, the basic objectivity 
1S THE VALUE OF 


of an outside organization which serves the chemical 
industry throughout this country and abroad 


EXPERIENCE 
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ANTIBIOTIC FERMENTATION is big ex- 
ample of gas-liquid contacting operation. 
This one consists of six 200-HP LIGHTNIN 
Mixers, with 39-foot shafts, on six 24,000- 
gallon tanks 


THE OPTIMUM FLUID regime to achieve the wanted 
process result is determined ond is then scaled up to 
full size, by one of several methods that give fully 
predictable results. 


CALIBRATED IMPELLER provides a basis for accu- 
rate speed-diameter-horsepower plottings. The 
power characteristics of the impellers are known com- 
pletely, from thousands of test runs. 


How to get optimum results 
in liquid-liquid contacting 


MIXING AND BLENDING in big tonks is 
done rapidly, with minimum power ond 
least possible maintenance, using LIGHTNIN 
Side Entering Mixers. Sizes | to 25 HP 


There's a systematic way to get top effi- 
ciency in any conceivable liquid-liquid 
(or gas-liquid) contacting operation. 

It begins with the mixer impeller. The 


by varying the size and speed of the cali- 
brated impellers he works with 

He can quickly find the optimum speed 
and diameter that will give you the results 


one you see here is a LIGHTNIN design you want in least time—and with least 
chosen for high pumping capacity, or 
fluid flow. 

Flow is what circulates the droplets (or 
gas bubbles) in a controllable pattern, 
assuring intimate contact throughout the 


horsepower. There's no guesswork. 


Che answer can be extrapolated to an) 
size system, with extreme accuracy. Re- 


sults are unconditionally guaranteed 


fluid mass In any fluid mixing operation, we can 


You need fluid shear, too. Shear breaks 
the big droplets (or bubbles) into mil- 
lions of pinpoint ones, tremendously in- 


help you harness fluid flow and fluid 
shear, control them, make them work 
harder—often with 100% more mixing 


creasing interfacial area. efficiency. You may save weeks of re- 


For optimum results, you need flow and 
shear in just-right balance. These are 
basic, though many other variables may 
affect the final answer. 

The MIxco engineer can de-emphasize 
flow and emphasize shear (or vice versa) 


search and pilot plant time by asking us 

to come up with the answer 

DO HUNDREDS of flvid mixing jobs 
quickly with versatile LIGHTNIN Portable 
Mixers. Instantly moke any open tank oan 


If you'd like more specific information 
on fluid mixing that does what you want 
it to do, just call in your LIGHTNIN repre efficient mixing vessel. More than 30 stand 


sentative, or write us today. ord models. Sizes Ye to 3 HP 


f te te, 


the ae 


Lightnin 
N/xers-. 


[_] DH-50 Laboratory Mixers 

[_] DH-51 Explosionproof 
Laboratory Mixers 

[] B-102 Top Entering Mixers 
(turbine and paddle types) 

0) B-103 Top Entering Mixers 
(propeller type) 

[_] 8-104 Side Entering Mixers 

[_] 8-105 Condensed Catalog 
(complete line) 

([] 8-107 Mixing Dato Sheet 


[_] B-108 Portable Mixers 
(electric and air driven) City 


MIXING EQUIPMENT Co., inc. 


199-h Mt. Read Bivd., Rochester 11, N.Y. 


In Canada: Greey Mixing Equipment, Ltd., 
100 Miranda Avenue, Toronto 10, Ont. 


Please send me, without obligation, catalogs checked at left 


GET THESE HELPFUL FACTS ON MIXING 
LIGHTNIN Cotologs contain practical 
data on impeller selection; sizing; 
Nome Title best type of vessel; installation and 
opercting hints; full description of 
LIGHTNIN Mixers. Yours without obli- 
gation. Check and mail coupon today. 


Company 


Address 
MIXCO fia mixing specialists 





